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LATTICE GIRDER OVERHEAD CROSSING—CHICAGO, SANTA
FE & CALIFORNIA RAILWAY.

By W. H. Breithatjpt, Member of the Engineers' Club op Kansas City.

[Read June 18, 1888.]

A considerable impediment to fast travel on railways and a constant

source of danger is their crossing each other on the same level. In the

West, where there are more new and more cheaply built railways, grade
crossings are all but universal. Its avoidance of grade crossings with

other railways is a prominent feature of the Chicago, Santa Fe & Cali-

fornia Railway. There are between Kansas City and Chicago, by this

line 458 miles, 16 over or under crossings. In some cases the general

grade of the new road could be brought to sufficient elevation to give the

required headway over the road to be crossed without necessitating much
extra embankment. Generally, however, such extra embankment was
required.

The longest of the crossing viaducts spoken of is that over the Mis-

souri Pacific and Chicago & Alton tracks at Rock Creek, four miles

east of Kansas City. While not a woru of particular magnitude, as

compared to other structures on the line, the conditions involved made
the bridging of this crossing a problem of considerable interest. There
will be, when all contemplated side tracks are in, six Missouri Pacific

and two Chicago & Alton trgcks crossing the centre line of the O, S. F.

& C. track at angles of 36
J
36' and 36° 38'.

The lower tracks are so spaced that while maintaining the required

lateral clearance of seven feet each side of centre line of track, enough
points of support can be obtained to break the structure into four spans.

These spans are of through, single intersection, Warren riveted girders

of uniform height, and are of the following lengths, beginning at the

west end: Span one, 82 feet; span two, 53 feet 4f inches; span three, 68

feet 8| inches; and span four, 64 feet 1| inches, making in all 268 feet 2$
inches from end to end of iron work. The extreme ends of the bridge

rest on masonry abutments. The intermediate supports are: No. 1, a
bent braced both longitudinally and transversely, forming in effect a

pier; Nos. 2 and .", bents formed of two posts and a cross girder. These
posts and the entire superstructure are built of plates and angles, partly
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because better sections could tbus be obtained, and partly on account of

the higher price asked for channel and I beam sections. All vertical

posts rest in cast-iron pedestals, and these on pedestal piers.

Fig. 1 gives a general elevation of the structure, and Fig. 2 a plan

view showing lower tracks.

The specifications for superstructure do not differ much from other

good specifications for similar structures.

They require in general that spans up to 75 feet, in length are to be of

plate girders, from 75 feet to 100 feet, or 110 feet of single intersection,

Warren riveted girders, and beyond that length of pin connected Pratt

trusses.

Where iron floor is used it is to consist of floor beams and four lines of

stringers, two inner, each placed directly under the rail figured for the

full live load, and two outer safety stringers of half the strength of

main stringers, to act in case of derailment only.

The assumed live load consists of two 86-ton consolidation engines each

of 52 feet wheel base, followed by a train weighing 3,000 pounds per foot.

The dead weight of the track rails and guard rails is taken at 200

pounds per foot, and the cross-ties 4 pounds per foot board measure.

All strains are to be determined by that position of the live load which

causes the greatest strains in any member or section. The calculated

strains due to the above loading are increased as follows, as an allow-

ance for the momentum of the live load

:

For girders of length of 30 feet or less 25 per cent.

For girders of length of 30 to 50 feet 20 per cent.

For girders of length of 50 to 75 feet 15 per cent.

For girders of length of 75 to 90 feet 10 per cent.

Under " girders of length of 30 feet or less" come all floor beams and

stringers.

Wind strains shall be calculated at 40 pounds per square foot of ex-

posed surface of one girder in case of plate girders, and of 80 pounds per

square foot in case of lattice girders as a dead load, and a moving load

equal to 30 pounds per square foot of the exposed surface of a train of

coaches extending across the bridge, the surface of the coaches being

supposed to extend from a line 4 feet above the rail to a line 15 feet above

the rail.

Chord members of girders shall not be subjected to strains greater than

7,000 pounds per square inch in compression, nor greater than 8,000

pounds per square inch in tension. Shear in webs of plate girders shall

not exceed 4,000 pounds to the square inch, and the webs only shall be

considered as resisting shear.

Strains in compression members in lattice girders must not exceed val-

ues obtained by the following formula for the strength of columns:

~ _ _ 7500 S = Strain per square inch.

1
L 2 L = Length in inches.

40000 R 2 R — Least radius of gyration.

Good riveting is particularly strongly specified. Rivets regularly are

taken at 6,000 pounds in shear and 12,000 pounds in bearing. The num-
ber of rivets in field connections of floor beams and stringers, as obtained

from these values, is to be increased 25 per cent. No steel rivets are to
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be used in field riveting. Expansion rollers are not required for girders

lees than 70 feet in length, but expansion and contraction must be pro-

Tided for b}T leaving one end of the bridge free to slide on planed surface

of the bed plate.

The webs of plate girders must be spliced at all joints by two plates,

one on each side.

Abutting joints, whether in tension or compression, must be fully

spliced ; but abutting joints in compression must nevertheless be planed

true and make a full bearing across the width of the plates.

Gusset plates on inside of through girders at floor beams or lateral

strut connections must not project above the top of the floor system so

as to be liable to be struck by the journal box of a derailed freight car.

They should not extend more than twelve inches above the top of ties.

Lattice girders 'shall be so designed that the strains upon all members
can be accurately calculated, preference beirg given to the Warren or

triangular form of bracing. Intersecting diagonal members, riveted at

the intersection, will net be allowed.

Each span of every structure shall have a cambre of ^-fa of its length.

To pass now to a description more in detail of the structure under con-

sideration.

The pedestal piers mentioned consist of four courses of concrete, each

1 foot thick, the lowest course 8x8 feet in area, and each higher course

1 foot shorter in horizontal dimensions, the whole popped by a capstone

in one piece. Built into the pedestals, heading on plates 1 foot from the

bottom, are four 1£ inches anchor bolts which fasten [the cast pedestal

down on the capstone.

The cast pedestals have bases 40 inches X 40 inches, are 3 feet 6 inches

high, and have nowhere less than 1 inch thickness of metal. The ped-

estal completely envelops the post, which is fixed into the former by
cement, composed of two parts of sand and one of Portland cement, top-

ped with pure cement, this being considered preferable to iron filings

and sal ammoniac sometimes used.

As to the vertical posts it is desirable to have them normally opposite

for each pair, to obviate any lurch in fast running due to a point on one

side of the bridge being on a post, and thus rigid, while the normally

opposite point, not being directly supported by a post under it, would
deflect. Simplification of the work, by avoidance of skew in the floor,

and simpler provision for expansion and contraction, are further reasons

why the posts of each pair should be directly opposite. Only at one

place, at bent No. 1, are the lower tracks far enough apart so that the

posts can come normally opposite, while each remains directly under the

line of girders it supports.

This bent is braced transversely by means of two 1| inch square diagonal

rods each way; each post has also a longitudinal brace consisting of two
8-inch 25-pound channels. These braces extend in opposite directions

from the bent, each brace being fastened at its foot to a masonry pedes-

tal by means of anchor rods, which extend to a plate at the bottom of

the masonry, in effect hanging the pedestal to the end of the brace, so

that it acts as a counterpoise. While one brace acts in compression, the

other is in tension, and vice versa.
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At bents 2 and 3, one post is directly under the longitudinal girder,

while the opposite one is outside of the bridge proper far enough to give

by the skew of the lower tracks the required clearance from centre

lines of said tracks. A cross girder connects the two posts, and supports

the longitudinal girders. There being no room for sway rods, heavy

gusset brackets are used to stiffen the connection of posts to cross

girders. All vertical posts are built of two plates and four angles*

latticed, the angles being turned outward.

The track enters the 82-foot span directly from a 6-degree curve. Fixed

and sliding points for provision of contraction and expansion are taken

as shown on diagram. It will then be seen that bent No. 1 has to resist

the extra vibration due to train entering from curve, the push and pull

due to both S2 feet and 53 feet spans being fixed on it, and the wind
pressure from these two spans.

The ends of the bridge are squared, and rest on standard U abutments,.

Squaring of ends is in accordance with standard adopted for all Santa

Fe system bridges. Short skew bridges are entirely avoided by carrying

the respective corners of spans, that would otherwise be skew, to a

square. In longer spans, where lengthening of spans would add largely

to weight, the floor only is lengthened so as to carry it out to square

ends.

The C, S. F. & C. coming over the bluff here is at a minimum eleva-

tion of 23.95 feet above the lower tracks, leaving, as 21 feet of vertical

clearance is required, a minimum depth of 2 feet llf inches of floor

available. This allows for fairly economical proportioning of floor. In

most of the other crossings only 26 inches of floor depth was available.

Panel lengths vary from 16 feet to 17 feet 6 inches, being uniform for

each span. Stringers attach to the webs of the floor beams. Lateral

bracing is of angles, and attaches to the ends of the bottom flanges of

the floor-beams; these lateral angles also rivet to stringers where they

cross the latter. Sway bracing is effected by extending the upper flange

and part of the web of each floor-beam outside of the trusses, and erect-

ing on this a batter brace which fastens to the top chord of the truss.

Cross-section of floor is shown in Fig, 3. Ties are 8 inches X 8 inches

roof P/onh A ^a^
a"xZ"

Fig. 3.

Fig. 4.
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X 12 feet, let in 1 inch over stringers. Iron guard rail is 8 inches inside;

wooden, bolted down with countersunk washers protected by iron angle,

18J inches outside of track rail, and outside of wooden guard rail there

are two 8 inches X 2 inches walk planks.

The height of the 82-foot span, 9 feet 6 inches out to out of flanges, de-

termines the height of the other spans, as it is desirable, for appearance,

to have them uniform : for same reason length of this span determined

use of lattice girder spans throughout the bridge, otherwise plate girders

would have been preferable for the shorter spans. Top chords through-

out consist of iron web plates, two or four angles, and one or more cover

plates. Double webs in the chords would have been preferable for the

82-foot span considered separately, but would have given considerable

excess of section for the shorter spans, so that for uniformity they were
made single throughout. The web members, both tension and compres-

sion, consist of two or four angles, fastened to the web plates of flanges,

generally by both legs of the angles,

Erection of Rock Creek crossing was a difficult piece of work, there

being three lower tracks in constant use, and the upper one, to look out

for. It was accomplished—the temporary wooden viaduct replaced by

the permanent iron one—without interrupting traffic on the lower tracks

whatever, and requiring but few stoppages, none exceeding an hour, on
the upper track.

Total weight of iron in the structure is 350,200 pounds. It was fur-

nished by the Rochester Bridge and Iron Works, of Rochester, N. Y.

In designing throughout, ambiguity is sought to be avoided as much
as possible. For this reason the single intersection form of truss is

chosen, and the Warren, or triangular lattice, works to best advantage. I

should not hesitate to use this truss and make pony truss bridges, i. e. ,

bridges without overhead bracing, for spans up to 110 feet in length, if

sufficient depth of floor to give proper stiffness was available, Where
overhead bracing is once used, however, the pin connected bridge can

be sufficiently braced, and gives in every way the most economical
results.

Fig. 4 shows a type of truss often used for long span riveted bridges.

In this form of truss, which is sometimes used up to spans of 200 feet,

there are four distinct systems of transmission of strains. Objections to

it are :

First. Its ambiguity. It is impossible to correctly proportion the web
system, as it cannot be determined in what proportion a strain will tra-

verse the different systems.

Second, Waste in tension members on account of rivet holes cut out,

this waste being as much as 10 to 15 per cent.

Third. Waste in web compression members on account of not being

able to use sections that will give economical proportions of diameter to

length between supports, as they must be of such form that they will

pass each other and pass into chords properly.

Fourth. Difficulty in getting good fit for field work and consequent

liability to initial straining due to forcing of plates out of proper posi-

tion to bring rivet holes to fit.

All these features detrimental to economical design are avoided in the

properly proportioned single intersection in connected truss.



INSPECTION OF IRON BRIDGES AND VIADUCTS.

By B. L. Marstellee, Member of the Engineers' Club of Kansas Citt.

[Read February 16, 1888.]

As few engineers have much shop experience, it occurred to ine that

this paper might be more entertaining if the association of the inspection

of bridge and viaduct material be made with that of its construction,

consequently I will briefly outline the course pursued in the inspection

of thirty-five iron bridges and viaducts, built by the Keystone Bridge

Company at Pittsburgh, Pa, for the Cincinnati Southern Railway, Mr,

G. Bouscaren being consulting and principal engineer.

Mr. Bouscaren, wishing to have work done that would give results

which could be relied upon, and being desirous to see this branch of

engineering work raised to the standard which the necessities of the

case required, arranged with the bridge company to make a number of

tests of columns and bars, of such types as would furnish data for figur-

ing deterrninately on the strength and other properties of American
iron ; for the formulas in general use were those of Hodgkinson, Rankine
and Gordon, which were established by tests upon a very different

material. The results of Mr. Bouscaren's tests on columns h^ve been

employed by the late C. Shaler Smith in the preparation of his well-

known formula.

Our first duty in the inspection was to check the working drawings
with the strain sheets and specifications, or approved plans, and to

see that the proper sections were given for channels, plates, bars and
rods.

The next step was to determine from which pieces the tensile test

specimens should be chosen, and to indicate the same in the bill of iron

sent to the mill for each structure, noting at which place they were
to be cut from the full size pieces and trued up for testing upon a Riehie

machine. This iron was required to stand 50,000 pounds per square

inch, to reduce in area at breaking point 25 per cent, , to elongate 15 per

cent., and when cold to bend from 90 degrees to 180 degrees without
sign of fracture.

All iron was to be tough and highly fibrous, of uniform quality, and
capable of sustaining 25,000 pounds per square inch without taking a

permanent set.

We weighed and calipered all channel and angle iron as it was un-
loaded in the yard of the bridge works, and all pieces scant in section

three per cent, or more were immediately returned to the mill. After

determining the dimensions we tabulated them, and used the tables in-

stead of measuring the length of each piece and figuring the weight per

lineal foot from the total weight of piece ; this we could do without

making an error in excess of two per cent.

The necessity for some such means of determining sections in the shop

is apparent when the shop's practice was to change section for two-
tenths of a pound in a foot, and to have as many as twenty-two different

sections in columns alone for one viaduct.

The iron first goes into the assembling shop, just inside of which there
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is a gang of men who do the straightening, and next to whom is another
who do the laying off. Next are two power machines, one for punching
rivet-holes, the other fox*. shearing; then comes another gang of men who
set the pieces up and bolt them together for the riveters. Just acroBS the

track that runs through the centre of the building are hydraulic and
power riveters, and gangs of men who do such riveting as the machines
cannot do—such as that for bolsters and ends of posts, counter-sunk

rivet-work, etc.

In this shop all rivets were tested by placing two fingers on one head
and striking the other head right and left with a hammer. Any rivet

found loose was marked with white paint, which was the sign for re

moval. All rivets were required to fill the holes completely, and to have,

well shaped treads opposite each other (none on a bender being allotved).

Split lattice bars, broken rivet holes in plates or channels, spacings.

sections, slots, expansion-joints, right and left hand members and im-

perfections in the iron, such as cracks, blisters and flaws, are here looked

for ; and each piece is either passed, condemned or sent to the black-

smith shop, but in any case so marked as to be always readily identified.

These pieces now go to the machine shop, the appointments of which
consist entirely of lathes, planers, drills and cranes. Here the pin-holes

are bored, bearing and abutting surfaces are planed, and pins turned.

Pins were required to be of exact lengths, the diameters of pins and pin-

holes not being allowed to vary more than y^j part of their diameter.

For making these measurements, the shop was well supplied with steel

gauges of all sizes, and templets for planed surfaces. Pieces were here

examined for length, gr of an inch being the maximum variation

allowed.

From this shop the material was sent to skids in the yard, where some
pieces having attachments that could not be made until they were
planed were finished. This material was then soaked in boiled linseed

oil, and all parts inaccessible after erection were given two coats of min-

eral paint. Pins, pin-holes and planed surfaces were treated with a mix-

ture of tallow and white lead. After this all the iron thus inspected and
passed was branded C. S. Ey., by stamping.

We now pass to the forging or blacksmith shop and bolt and testing

room, where chord and suspension bars, lateral rods, knee-braces, portal

trimmings and many other things of like nature are made.
The truss bars were bored in the bolt room. There was always one

piece of each length accurately laid off and bored, then used in boring

all others of the same length by piling and fastening all together, the

drill passing through the one previously bored. As both ends were bored

at the same time, many errors were evaded, and accurate lengths were

obtained. The adjustable members were examined for lengths, size,

upset and welded ends, sleeve-nuts, threads, etc.

The chord and suspension bars were tested for modulus of elasticity,

the elongations being taken with a machine designed by Mr. Bouscaren.

(See sketch.) The elongation was taken for a length of 10 feet between

an initial pressure of 10,000 pounds and a terminal pressure of

20,000 pounds per square inch. The modulus was then worked
out and stamped into the bar, and when the iron went to the
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field, bars having to work together as one member were selected with

reference to their moduli. One main object in this test was to show

up any defect in the bar that could not be detected by the eye. The

testing machine was so gauged as to indicate ten times the actual

elongation of the bar. consequently the latter could be determined to

the x^jj-Q part of an inch, which was the greatest permanent set allowed

under the above mentioned intensity of stress. The machine would

therefore show whether any set had taken place on the removal of

the stress.

Now we can pass to the other end of the hydraulic testing machine

and break a column. The latter is placed in the machine with channels

in a horizontal position, and counterbalanced at the centre to the extent

of one-half its weight. A steel measuring rod slightly shorter than the

column is placed on the top channel, which is chalked and marked at the

end of the rod with a fine pointed tool so as to indicate compression read-

ings, arrangements being also made to take horizontal and vertical read-

ings. For an example we will take a column built of two 12 inch chan-

nels latticed on two sides, flat ends 27 feet 7 inches in length, finished

weight 1,540 pound?, with a sectional area of 13.77 square inches. The
first stress applied was 500 gauge pressure, which equals 130,000 pounds,

the gauge indicating the pressure per square, on the piston, the area of

which was 260 square inches. Readings were taken at each increment

of 100 gauge pressure.

The deflections for the above 130,000 pounds were ^ inch horizontal

and g
3
^ inch vertical, and the compressiou was i inch.

At 273,000 pounds pressure the horizontal deflection was -j\ inch, the

vertical deflection A inch, and the compression $ inch. When the stress

was removed, the readings were as follows : Horizotal permanent
-set, -£t inch ; vertical set, ^ inch ; compression, zero.

At 442,000 pounds pressure : Horizontal deflection, -fTl inch ; vertical

deflection, ^W inch ; compression, if inch. Stress removed: Horizontal

set, i inch ; vertical set, ^ mcri '> compression, 3^ inch.

At 445.900 pounds pressure the column gave way, after maintaining it

for a few minutes. This corresponds to a pressure of 32,300 pounds per

square inch of section.

This hydraulic testing machine had a capacity of 1,000,000 pounds, and,

I believe, was a product of the shop.

The tensile specimens broken at the mill were generally from $ to £
square inches in section, the reduced section on which was marked the
length for measuring the elongation being from 5 inches to 6 inches
long, with the shoulders next to the grip ends beveled off. The ultimate
strength developed was from 51,000 to 53,000 per square inch. Many
full-size brass bars were broken, and at first the larger percentage of
them gave way in the eye, the process of making the head being to up-
eet tbe bar and forge the head down with a steam hammer to the exact
size. Now they pile the head and forge it to the proper dimensions in a
die with a ten-ton hammer, and it is only in rare instances that a bar
thus manufactured breaks in the head. The ultimate strength of those
breaking in the bcdy of the bar was from 46,000 to 48,000 pounds per
square inch of sectional area.



10 ASSOCIATION OF ENGINEERING SOCIETIES.

Professor J. B. Johnson, of Washington University, St. Louis, says

that the length of reduced area of specimens for tensile stress should be

expressed in diameters of the reduced section, as the ultimate strength,

percentage of elongation, or reduction of area, may be varied from ten

to fifty per cent, in the preparation of the specimen ; that brittle

material, such as cast iron and hard steel, should have the grip ends

trued up in the lathe or planer, so that the grips will not throw the piece

out of line ; and that if the reduced section be made with square

shoulders, the deeper the cut the less will be the developed strength of

the specimen, for the stress in the exterior fibres of the grip ends is

suddenly concentrated at the shoulders of the reduced section and trans-

,

mitted to the reduced section through its exterior fibres, and these fibres

not being able to stretch out as they would in wrought iron, the piece

begins to rupture at the shoulder before the internal fibres have been

brought to their full strength. In this case the length of reduced area is

not a consideration of much importance, as the elongation and reduc-

tion of area are almost inappreciable, two or three diameters being as

good as more; but in wrought iron and soft steel the reverse is the case.

Material which is ductile will stretch from 10 to 30 per cent, before it

ruptures, and will draw down or become very much reduced in size at

the point of rupture if the reduced section is long enough to admit of it

;

but if it be very short the fibers are supported by the outer fibers of the

end sections, and for this reason will not stretch so freely as in longer

sections. If this stretch and consequent reduction are prevented by the

reduced section being short, it is evident that the ultimate strength will

be greatly increased ; and, if the specimen elongated uniformly, this

ratio would be a constant for all lengths ; but the specimen draws down
or stretches more at the point of rupture than at any other place, the

length of the greatly drawn down portion being usually from two to

three diameters of the specimen ; therefore to obtain uniform or com-
parable results, the length of the reduced section should be made a cer-

tain number of its diameters. He recommends for all specimens that

the length of reduced section be eight diameters, that the reduced area

be not less than 80 or 90 per cent, of the grip area, and that the should-

ers be cut to a curve of a two-inch radius.

There is one more test of which I wish to speak before bringing these

few remarks to a close, viz., the live load test made of the channel span

of the Ohio River bridge. There were ten spans tested at the same time,

but this one will illustrate the whole.

This span had 5 inches of camber, and the camber line passing through

the centre of pins in the bottom chord under the specification was not

to vary more than one quarter of an inch either way from an arc of a

circle.

Engines headed north, engines and cars given in the order of pcsition

from north to south.

Two platform cars, engines Nos. 3, 6, 9, 4, 8, 1, 12, two platform cars

second truck wheel of engine No. 4 over middle of span.

Live load on span between centres of end pins, 255,100 pounds.

Length of span, centre to centre of end pins, 515 feet.

Deflection : East truss, 2.20 inches : west truss, 1.98 inches.
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Elongation at roller end of bottom chords : East truss, 0.56 inch ;

west truss, 0.57 inch.

Load removed.

Permanent deflection : East truss, 0.06 inch ; west truss, 0.012 inch.

Permanent elongation : East truss, 0.075 inch ; west truss, 0.05 inch.

Same span, train of two engines and four fiat cars, moving backwards

25 miles an hour.

Live load, 391,300 pounds.

Deflection : East truss, 1.2 inches ; west truss, 1.2 inches.

Expansion at roller end of chord : East truss. 0.25 inch ; west truss,

0.25 inch.

No permanent set visible on removal of load.

DISCUSSION.

By W. H. Breithaupt.

I have been greatly interested in the valuable paper to which we have

just had the pleasure of listening. The correct and faithful carrying

out of a bridge design in its manufacture in the shops is of the utmost

importance, so much so that a good bridge may be said to depend on it

almost as much as on proper design ; and this is now so well recognized

that thorough inspection is almost universally insisted on for all work
that is to be reliable. This matter of thorough inspection is, however,

of comparatively recent growth ; we are not yet so very far from the

day when iron was iron with hardly any distinction in quality. The
Cincinnati Southern Railway Company was among the first in this coun-

try to insist on thoroughness in quality and manufacture of bridges.

But entering a comparatively new field, with but little of the mass of

evidence that has mostly since accumulated at its disposal, some things

were required which are now not required, and others are now more
strongly insisted on than they then were. I will dwell on a few of

such things as brought forth in the paper of this evening.

As to quality of iron a number of classes are now specified : Purely

tension iron, shape iron,edgerolled plate and sheared plate, requirements

ranging from ultimate strength, 52,000; limit of elasticity, 26,000; re-

duction of area, 25 per cent. ; elongation in 8 inches, 18 per cent, in purely

tension iron to Ult. 46,000; L. E., 25,000; Rdn. 12 per cent.; El. in 8 inches,

8 per cent, in sheared plate over 54 inches wide, such as is used only in

girder webs. In channels and I beams requirements are higher for the

material of the flanges than for that of the webs. Shape iron as it

comes from the mill is generally classed by its weight per yard, a certain

weight corresponding to a certain size and thickness. Weights from
the various mills differ slightly for same size and thickness, depending
on slight modification in shape. These weighls must agree with what is

called for within 2% per cent. , and they generally come closer. On a re-

cent bridge which I computed, weighing some 5,000,000 pounds, the

total calculated weight of the finished bridge agreed within about 1£

per cent, with the scale weight.

Good riveting is an important feature, and is generally very fully

specified. I was recently shown an interesting riveting test. Three short

plates had been riveted together, the rivets in line, the holes in the outer
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plates of like diameter, but in the middle one of larger diameter (see

the figure) to ascertain how much the rivets would fill them out. On
plates being planed down on edge until diametrical section of rivets was
exposed, it was found that rivets had not expanded in the larger central

holes more than Jz inch, and this after the utmost care bad been exer-

cised in driving them, the rivets having been well heated and then

cooled at ends, so as to act better on hotter central part where they were
to expand most. This test refutes the often expressed idea that a well

driven rivet "will fill out holes of diameters varying by i inch or more.

As to checking of lengths and sizes. £$ inch divergence in main pin-

holes or pins, and ^ inch in length of eyebar, post, or chord section is

now allowed.

Painting between surfaces that are to be riveted together needs to be

carefully looked to. There should be one good coat of paint on each

surface before pieces are assembled for riveting. Linseed oil coating is

very good in that it leaves any defects apparent, but most engineers

specify paint. All defects should be detected by inspector before paint-

ing is done.

A feature of importance, and sometimes difficult to obtain, is to have

stiffener angles that are put on webs of girders fit closely into

the flange of the girders. They should be cut slightly full in length,

so as to necessitate their being driven to place, and should have edge

of one leg of angle beveled off so as to fit against fillet of flange

angle.

Very few, if any, recent bridge specifications require the determina-

tion of modulus of elasticity. Practical determination of this property

led at best to very unsatisfactory results, as its correct determination re-

quired an extreme care seldom given it. Ductility and elasticity of the

material can be fully determined by the regular tensile and bending

tests.

Initial straining of the finished eyebars is also no longer considered

necessary. Specimen tests on the material, confirmed by a number of

selected tests on finished bars, give with the present uniformity in manu-
facture,, full information as to quality, without subjecting each finished

bar to fully twice the strain that should ever come on it when doing its

duty in the structure, as former specifications required.

Eyebars, except for very light work, are now preferably made of mild

steel, and for these the head must be formed entirely by upsetting on

the bar. Some engineers still insist on iron for all bars, but with the

uniformly good steel that can now be had, and the improved methods

of working it, the prejudice against its substitution for iron in purely

tension members is fast disappearing.
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Mr. Marsteller gives the live load on a span of 515 feet a3 955,100

pounds. A modern load, two 86-ton engines, followed by a train load

of 3,000 pounds per foot, gives 1,577,000 pounds for such a span.

Camber of 5 inches in 500 feet or 1-1200 of span is still considered

good practice. The idea is to have the camber so that with maximum
load on the span deflection shall not be more than the allowed cam-

ber.

In a paper recently read and discussed before the Engineers' Club of

Western Pennsylvania, Mr. Ramsay, Chief Engineer of C. H. & D. Ry.
f

brought forth the fact, varying from accepted ideas, that some iron giv-

ing, when tested at ordinary temperatures, results fully up to require-

ments, would at low temperatures give entirely different results, A
large number of tests was made, and so.'the fact was fully established. In

a series of such tests, of which the experimenter, Mr. A. E. Hunt, of Pitts-

burgh, told me about 40 per cent, gave the same results at low as at high

temperatures, while about 60 per cent.varied, giving at high temperature

ordinary good results, while at low temperature much lower results in duc-

tility, but slightly higher in Ult. andL. E. Chemical analysis failed to show
any difference between the material which gave uniform results at vary-

ing temperatures and that which did not. Another experimenter found

that large squares gave more divergent results at varying temperatures

than smaller ones: in other words, the material which had received more
work in the rolling was not so much subject to change with changing
temperature as that which had received less, but this was not uniformly so.

On the whole, no satisfactory reason for these results and consequently

no remedy were arrived at. What seems to be fairly well established

is that the material of all bridges is apt to be somewhat brittle in cold

weather, i. e,, the material is less ductile. It is, however, at the same
time slightly higher in ultimate strength and limit of elasticity. Avdis-

able precaution is to avoid maximum impact by running trains slowly

over bridges when the temperature is very low.

By Henry Goldmark.
It is gratifying to find the subject of bridge inspection receiving more

attention from representative engineers than it has in the past. Mr,
Marsteller, in his interesting paper, has given an account of the methods
pursued by him and his as&ociates in superintending the building of one
of the earlier bridges. Since that time the importance of a close and
intelligent supervision of such structures during the process of manufact-
ure has become more generally understood by railroad companies.
Though many bridges are still purchased by relying solely upon the

good faith of contractors, most large spans are now built under system-
atic inspection in the rolling-mill and shop, and on the erectors' scaffold.

The profession owes much to the efforts of those of our leading engi-

neers, who, in spite of many difficulties, have insisted on raising the
standard of excellence in bridge work. In the long run, exacting speci-

fications closely adhered to have proved an advantage to contractors as
well as to buyers, as the line of division has become more strongly
marked between those able to do first-class work and those who are not.

The inspector, to accomplish his task with success and with fairness to
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all parties, must have experience and tact, but, above all, must be tbor-

oughly conscientious. As a matter of fact, it is often impossible to tell

from the appearance of a finished structure whether the supervision has

been thorough or merely nominal, but the difference in the safety and

life of the work is often very great.

The work of inspection falls naturally and not improperly into the

hands of the younger engineers, and they heed all the "backing" they

can get from their superiors in office, in order to make themselves re-

spected and successful in the execution of their duties. It is in this di-

rection that there is, I think, room for improvement in many cases.

As to iron bridges in actual use, the importance of regular examination

by experts seems to be as yet little understood. As they form part of the

road-bed the tendency is to treat them like any other permanent struc-

ture on the line, subject to static loads only. A new coat of paint at

rare intervals, and new ties when the old ones are absolutely unsafe, are

often the limit of the care bestowed upon them.

When we consider the numerous and important movements, both

molar and molecular, to which the metal is subjected, it seems unfair to

expect long life or satisfactory service from bridges which are not kept

in thoroughly good repair, and strengthened when called upon to carry

loads much heavier than those they were designed for.

There are one or two points in Mr. Marsteller's paper which are of

special interest in comparison with later experience.

The " reduction of area " in small tension specimens of iron and steel

has given as much trouble as a requirement for acceptance of material

as any other point in bridge specifications, and it seems to me, with

little advantage. This quantity is, of course, in a general way, a

measure of the ductility of the material, and, as such, is closely

related to the stretch parallel to the axis of the piece. But while the

elongation is readily defined in terms of the ratio of length to breadth,

the amount of " drawing down " seems in many cases to be influenced

by accidental causes. Much good iron and steel has been rejected on

account of failure in this test, and it is at least debatable whether it is

not best to drop it entirely from our specifications.

Another point of much interest is the question of " Modulus of Elas-

ticity." In the theoretical discussion of the resistance of materials the

modulus is perhaps the most important factor. It is the only guide to

the determination of all strains in members which cannot be found by
simple statics, and there are, doubtless, many such strains, in even the

most scientific designs. In the important subject of long columns it

has served a most useful purpose in guiding experiment and observation.

The attempt which Mr. Marsteller speaks of, of selecting iron of the

same modulus for the same parts of his bridge, is an interesting historical

point. It does not appear to have been very successful, nor can it be

defended in the light of later experiments.

As a matter of fact, I do not think the modulus of elasticity need play

any important part in practical testing. It is, without any doubt, the

most constant quantity in all grades of steel and iron, and for that very

reason unfitted to serve as a test for the acceptance or rejection of any
one lot of material.



INSPECTION OF IRON BRIDGES AND VIADUCTS. 15

Tests made on Iron from Pencoyd Iron Works, for Van Buren Bridge,

St. L. & S. F. Railway, on Gill Machine, Johnston, Pa.

Elastic Ultimate Elonga- Reduc- Modulus
Cross limit. strength. tion in tion of of

Test pieces> cut from Section. Lbs. per Lbs. per 8". area. elas-

sq. in. sq. in. Per cent. Per c't. ticity.

6'' X 6" X %" angles 1" X %" 31,910 50,590 24.1 22.9 29,910,000
" " 33,030 50.980 16.1* 23.0 29,510,000

« " .. " 31,460 50,480 23.6 29.4 29,840,000

6" X 4" X H" " \" xW 30,940 51,060 19.0* 24.0 29,000,000
" " 33,670 51,390 23.6 31.2 28,130,000

5"X3^"X9-1 6"" 1"X9-16" 31,880 50,470 21.9 27.4 28,310,000
" " 29,190 45,870 18. 6t 27.6 28,760,000

" " " 32,510 52,410 25.7 35.6 28,690,000
" ' " 30,250 45,910 17. 4t 29,250,000
" "

|
29,530 50,290 26.8 32.

i

29,830,000
5" X3J4" X^ " " rx%" 32,680 46,840 13.4 20.4 28,110,000

" "
- 33,210 50,510 18.1 18.5 29,280,000

4" X 4" X %" " " 33,040 51,760 15.5 26.6 29,550,000
33,980 52,100 . 21.5 37.8 28,350,000

i}4" X 3" X ?jv "
!

34,960 50,770 19.1 16.8 28,330,000
" 35,460 46,450 8.7t IS.

2

27,620,000

%"X3^"X?S" " \i"x%" 37,750 58,430 22.9 28.8 30,510,000
'• 35,720 51,600 15.1 20.6 28,500,000
" 31,840 45,470 9.0: 20.8 28,430,000
" " "

34,430 52,070 18.0 22.2 28,220,000
3" X 3" X %" " 1"X%" 36,590 55,730 15. 6t 16.9 29,240,000

35,010 53,080 14.0 17.1 28,350,000
3" X 3" X 5-16" ' 1M"X5-16" 37,010 53,420 15.4 23.6 28,780,000

" 1" X 5-16

"

37,080 53,400 12.3 19.1 26,740,000
12" X 21-32" c lannel flange ,1" X %" 32,000 52,200 26.4 40.8 29,540,000

" web... 1" x 21-32" 30,910 52,320 21.5 24.9 27,570,000
12" X9-32" flange %" X %"

web... \1H"X 9-32"
33,560 51,820 18.6 26.7 27,270,000

"
34,430 51,520 17.3 20.4 29,150,000

10" X H" flange 1" XW 34,020 52,530 25.3 30.2 29,080,000
" web..JlM"X H." 36,770 52,530 14.5+ 17.7 28,740,000

5" X 1 1-16" beir %" round
ned. 31,150 49,920 21.4 29.1tin 29,140,000

t. e
29,850 46,480 26.5 41.6 27,510,000

i" XI" ' 32,750 51,800 25.1 32.0 28,430,000
'

28,880 50,230 25.8 35.5 28,580,000
ii i '

31,290 50,940 28.1 45.8 28,490,000
.; «

33,610 52,570 24.3 39.6 30,370,000
u i '

29,170 47,670 27.5 41.2 28,230,000
< <

33,940 50,990 26.0 35.4 29,270,000
<i < <

31,420 50,460 25.7 28.2 29,440,000
5" X 1}^" <

31,310 50,420 25.0 36.6 28,820,000
32,290 52,160 26.1 35.3 28,490,000

* Broke in grip, t Broke in flaws, t Broke near end of specimen.
Bending tests : A piece cut from the same bars as above test pieces was bent by a

steam hammer, nearly 180°, about a 1M" pin, without failure. The fracture of the
ironjwas fibrous.

The long series of tests made at different steel works seem to prove

conclusively that even for the widest variations in the percentage of

carbon, the modulus of steel is practically the same.

Tests made on many thousands of small bars at the testing laboratory

of the Cambria Iron Co., at Johnstown, Pa., establish the fact beyond
question that the elastic modulus of steel lies somewhere between

28,000,000 and 30,000,000. Several papers by Mr. C. A. Marshall, C. E.,

Engineer of Tests, may be referred to in support of this view.

In the case of iron, the observations of the modulus, at least on small

specimens, are less numerous than those on steel. I do not know that it is

possible to make as definite a statement on this point as in the case of steel.

Many recorded experiments certainly seem to point to a much greater

variation in the modulus. It is only fair to remember, however, that
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the earlier instruments were far less accuratt than those now in use.

From such experiments as I have been able to make myself, I feel satis-

fied that in the best grades of eyebar and angle iron, the modulus is

but little lower than that of steel and equally constant. In poor plate

iron, I have found the results lower and more variable.

I may be allowed to add to these few remarks some tests made on iron

bars a year or two ago, in the regular course of my work, which may
throw some light on the subject. They relate to- specimens of a most
excellent iron, for the results of a long series of tests on material for this

bridge (the Van Buren Bridge. St. Louis & San Francisco Railway), and
show equally good results.

The tests were all made in the testing laboratory at Johnstown, and
the modulus was carefully determined with the very neat and accurate

micrometer designed for this purpose by Mr. Marshall, and described by
him in the American Engineer, August 27, 1885, vol. 10, page 84.

CLASSIFICATION OF MATERIAL IN RAILROAD CON-
STRUCTION.

By A. M. Van Auken, Member of the Western Society op Engineers.
[Read July 18, 1888, and held for discussion September 5.]

If there is any one thing in railroad construction on which the novice

is wholly at sea it is apt to be the classification of material, and the

young engineer who " was not familiar with the nature of loose rock"

deserves full as much sympathy as ridicule. We have all heard of him,
and while some of us may have been less laughed at, is this not because

we have been less honest ?

The most common form of specification divides material into three

general classifications, earth, loose rock and solid rock, and ordinarily

specifies that earth shall include all material of whatever nature that earn

be ploughed and scraped into an embankment; loose rock, all boulders

containing from one cubic foot to one cubic yard, all cemented clays,

bardpan, sand rock or other stratified rock which cannot be removed
without picking, but can be removed without blasting, although powder
may sometimes be used; and solid rock includes all boulders or detached

masses of rock containing over one cubic yard, and all material which in

place cannot be removed without a liberal use of powder.

On some roads earth is subdivided into borrow, waste excavation and
gravel, and loose rock into harcpan, soft rock and loose rock, but con-

tractors in bidding are apt to ignore these subdivisions and make prices

nearly equal.

Under these specifications there are times when the proper classifica-

tion is so apparent as not to admit of doubt, When it is apparent that

earth must be borrowed below water, when it is apparent a spring will

give trouble in a cut, when on the surface a cut shows to be full of

boulders too small to classify, but large enough to become very trouble-

some, and when from any other cause it is evident before the work is

opened that it will be difficult work, no contractor has a just claim for

any stretching of the specifications. He is expected to be diligent and
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wide awake. If he agrees to do a thing for a price which entails a loss,

when the nature of the work could be known in advance, he will learn

the truth of the old saying that " experience teaches a dear school, etc."

But there are thousands of instances where it is not easy to classify.

A cut looks fair to the eye on the surface, but as it is opened develops

springs, small boulders in abundance, or some other trouble not to be

guarded against. There is one chief engineer who classified such material

as " hard luck." Probably he enjoyed the humor more than the con-

tractor did.

Again, there is a line which divides loose rock from solid rock. Loose

rock is any rock which can be removed without the use of powder even

though powder may have been used. There is a sort of sand rock in Wy-
oming and Colorado which, when first exposed to air, has a hard, blueish

look, cannot be phased by the pick and will break drills, yet after it has

been exposed to air a time will turn so soft that the waste dump appears

but a heap of sand, and a slope in cut of less than 1 to 1 will not stand.

Again, in the beds of old water courses there is frequently found a

cemented gravel formation more difficult to move than solid rock, and
yet when it is once moved it will blow away in the wind. This material

is difficult to blast because it is next to impossible to get a hole drilled,

the material continually falling around the drill.

Under these conditions what is it our duty to do ?

Mr. Shunk's rule, as given in the instructions to the engineers on the

South Pennsylvania, were (as I remember them) : "It is your duty to

classify material as you find it. Any extra allowance for unforeseen

difficulties must be left to the parties who pay the money."
My first superior used to say: " If material costs as much per yard

to move as does solid rock, give them solid rock." By this he did not

mean that it was our duty to classify work by what it cost them to

do it, but that if it cost a man eighty cents per yard to mcve what
was undoubtedly solid rock, and thirty cents per yard to move what
was undoubtedly loose rock, and a cut of this mixed material should

cost forty-six cents per yard to move, it was our duty to give him a

classification of one-third solid rock and two-thirds loose rock.

Be this as it may, there is one simple duty for us to perform, so

simple that we should never neglect it, and that is to keep such a force

account as will enable us to know very closely bow much a piece of

work has cost the man doing the work. I would keep this by sections,

or by smaller divisions if a contractor have less than a section. I

would also have it so subdivided as to show as nearly as might be the

cost of each branch of labor. Take a field book and head it as shown
on the following page.

In this list include everything. If teams are required to haul water,

keep them under head of freight teams. If teams are sent to nearest

railroad station to bring in men, classify them as freight teams and
give them their time. If laborers are scarce and the contractor keeps a

man out "hustling" for men, put him into the column of non-producers,
which will give about the wages he is paid, and if he has a horse or team,

give time for that also. I would prefer classing a team as without a

driver. And make your prices what will cover actual cost to contrac-
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tor. Putin book-keepers, foremen, blacksmiths, etc., at average wagesr

and the rockmen and laborers at wages actually paid. Maka an effort

to keep producers and non-producers apart. Foremen, book-keepers,

cooks, carpenters and blacksmiths are necessary and save money, but

do not produce. Ordinarily it shows bad management when over 10

per cent, of expense is for non-producers. For the teams, make an arbi-

trary price somewhat larger than judgment shows is needed to feed the

team and pay for wear and tear and depreciation of harness and tools.

Bear in mind that team must be fed for seven days each week even if

worked but six. The wear and tear and depreciation of harness and
tools may be roughly assumed at about fifty cents per horse per day on

carts, the same per team on wagons, plows, stone boats, etc., and from
fifty cents to one dollar per day on drag and wheel scrapers according-

to material. Difference of material on plows will be made up by hav-

ing more teams per plow where material is harder on tools. If a man
hires teams, make no difference in your list. Keep a correct list of all

his men and teams at what he has to pay men and cost of teams. If i

man hires teams at a profit he becomes in the nature of a sub-contractor,

and his profit should be no part of actual expense, which this account is

designed to show.

FORCE ACCOUNT, O* SEC 16, WILLOW CREEK EXTENSION, JUNE, 1888.

Date.

Foremen
and book-
keepers at
?— per day

Rockmen
at

$— per day

Laborers
at

$— per day

Bl'cksmith
and car-
penters at
?— per day

Cooks
at

§— per day

Waiters,
call boys,

etc., at
$— per day

2

3
30

Total amount

.

Date.

Plow
teams
at

$— per day

Scraper
teams
at

$— per day

Carts
at

$— per day

Wagon
teams
at

?— per day

Freight
teams
at

§— per day

Remarks.

2
3

30

Total amount.

Take all possible pains with this report, and as the work is completed

compile it in a more compact form, so a3 to still show amounts paid for

both producers and non- producers, and on comparing with the final es-

timate it will show the loss or profit on the work, and if a loss will show
just where it occurred. You will be apt to know as near as the contrac-

tro where he lost or made his money, and should the case ever come be-

fore a commission or into courts the moral effect of this showing would
be beyond estimate. In addition to this, keep a diary in which you note

each day something about the work, keep a rough check on the force
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employed at each cut, the date opened and when finished, get as closely

as possible the amount of powder used in it, and all data that wili help

you to get the actual cost of the cut. For instance, on Monday there is

one foreman, thirteen men and two carts in the east end of a cut; one

foreman, eleven men and two carts in the west end, and the two have a

boy between them carrying water and carrying steel, picks, etc., to and

from the blacksmith. You make this entry in your diary, and also any

note about the nature of the material the work is then in. Suppose it is-

Thursday before your duties allow you to see the cut again. You count

your force again, and note that in the meanwhile a hole has been fired

for loosening the material in the cut which contained four kegs of black

powder (or whatever amount has been used), and that a certain number
of sticks of giant have been used breaking up large boulders. When the

cut is completed, by compiling these notes you know what the cut cost

and by dividing cost by number of yards in cut can get cost per yard.

This should be noted in your estimate book as the " actual cost to con-

tractor of doing this piece of work." Adding any incidental items of

cost not already in, such as freight on material,portion of the blacksmith's

time, depreciation of tools, etc., and adding 10 per cent, to the whole
amount for contractors profit, and we have what the man can reasonably

expect for his work. If your judgment will allow it, I would classify

up to this price.

Wiih such data as this, which should all be compiled when work is

completed and filed away in some well-bound book which you can index,

you will in a few years have such an amount of data on cost of work as

will be invaluable. It will often allow you to judge in advance of the
probable depth of insolvency the sub-contractor will find himself in at

the end of the work.

Classification would be very much less difficult if more of our roads
would abandon the utterly iniquitous method of letting work to the low-
est bidder, or would let only so much work to one man or firm as they
can personally do with the outfit they possess.

As a rule the lower a price the principal contractor bids the more
ignorant, dishonest and poverty stricken, as a class, will be his sub-con-
tractors. About the second monthly estimate will, if it be truthfully

given, bankrupt the whole outfit. But now the company has become
anxicus to rush the road to completion. The very shrewd head con-
tractor, who foresaw this, gets the ear of the President, details the un-
foreseen difficulties encountered on the work, which have very greatly
increased the cost, etc., etc., tells him that his men are becoming clamor-
ous, hints at delays, a possible difference of opinion on some clause, and
the President, who really fears the shrewd man he is dealing with, is

persuaded to issue an order to the chief engineer to " see the men out
whole. ' This order may be verbal, and the chief may give a simi-
lar verbal order to his subordinates, and if trouble were to occur in
the directorate, and an investigation were to follow, the characters
and the ability to earn a living in the future of these engineers depend
on the manhood of the President in a time when his whole future
may seem in the balance. But leaving this aside, the work has been
done by an inferior class of men. has not been done well or with a
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proper regard for economy, and while the chief contractor has inad«
a profitable summer, the work has cost the company from ten to twenty
per cent, in excess of what better work properly let would have cost.

Any chief engineer fit for the position he holds knows what it is worth
to do work, and when a railroad corporation, in defiance of his opinion
or in ignorance of it, let work at less than it can be done for, they are
very unwise, and it will end as noted above, or the road will be built by
contributions of unfortunate, and, as a rule, hard working subs. Neither
of these appear candid nor honest. But, by following directions

given in the body of this article, you will have a sufficient data for your
acts, and can show good reasons for all you have done. A few roads
have such a conception of an engineer's duties that they furnish no
instrument man, and give him such an amount of work to do as keeps
him a good portion of daylight out doing instrumental work. It will

in this case need some scheming to get your time properly kept, but
you can get a passable record by ruling a sheet such as I have men-
tioned, and leave with each of the timekeepers on your work. Get
him to fiil it. Then, by counting yourself whenever possible you get

a check on him and can get a very fair time sheet. On compilation of

diary entries of cost of a cut, I have sometimes, when my check was
not very good, added ten per cent, to the number of laborers to cover

error, preferring to have the cost somewhat large to taking any chance

of its being small.
COMMISSARY.

Iu working a crew of men one of the very important things is feeding

them. Where the country is settled this is generally solved by boarding

the party among the inhabitants, and it takes from the chief of party a

worry and burden. But where the outfit and supplies are carried along

a new duty is laid on the chief. Passing over the annoyance usually

experienced with a cook, who is usually either worthless and unreliable

or else unable to cook, there is a wide question before him of what to

buy. And the man who has always been finding fault with hotels comes
to have a deep respect for a caterer. On river work of the U. S. Engi-

neer Department it was the rule for the men to buy the supplies, which
were charged up to them by the number of meals each one had. One of

<>ur cooks made it cost us $13 per month, and another one on the same
piece of work fed us as satisfactorily at a cost per man of but $7. An-
other instance in Minnesota, a locating party cost the company $25 per

man per month, while an equally well satisfied party on a line near by

cost but $9 per man. In this last case the $25 man bought boxes of

jumbles of country stores, which crumble badly and are largely wasted

and cost high, and canned fruit at similar places, which is high of price

and inferior of quality. Lay it down as a rule to buy your supplies of a

wholesale house at the largest town you have access to. You will save

somewhat in price but gain very much more in quality.

And then remember that the highest priced commodity you get is

bacon. Do not allow yourself to think that by feeding your men largely

on bacon and beans you are feeding them cheap. Sugar and syrup are

far cheaper.

When in the woods of Wisconsin, Michigan and Minnesota I was sur-
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prised many tinies at the loads our packers carried and the small amount
in weight which they ate. Yet that amount was largely sugar. I have

been told by these men, half-breed Chippewa Indian and Canadian

French, that the Indian messengers, or "runners," ate on their trips a

mixture of corn, parched and pounded, and sugar, equal parts of each.

The trips made by these men are unparalleled, and yet a meal was equal

to about four tablespoonfuls of this mixture.

In my early experience I sought some guide on the matter of supplies,

and found in Burt's work on the Solar Compass a list which, when
reduced to rations for one man one month, is :

Flour 66 pounds
Clear pork 31
Beans 7H "
Dried apples 5
Sugar 5

"

Coffee 3

Rice 1 pound
Salt 4
Pepper 1-21 "
Castile soap 1-6 "
Matches 1 box

At the time this list was made, there was a tax on matched. It

is a list which shows how the men lived who surveyed the tovynships in

the pine regions of the Northwest. It is fare which will sustain life, but

it will net allow much washing of clothes. It is food not hard to trans-

port, and as little likely to spoil as can be got. These are its merits.

The only other list I have seen in print is given in Mr. Cleeman's work
as " U. S. Army " rations. It is :

%. pound pork or bacon, or 1J4 pounds fresh or salt beef.
\% pounds bread or flour, or % pound hard bread, or VA pounds cornmeal.

And at the rate of one hundred rations :

Beans 15 pounds I Vinegar 4 quarts
Coffee 10 "

I
Candles 1^6 pounds

or Tea 1*4 " [Soap 4
Sugar 15 "

| Salt 2 quarts

Reducing this to supplies for one man thirty days would give

about

:

Sugar 5 pounds
Vinegar lj<j quarts
Candles }? pound
Soap 1% "
Salt 2Yz

Beef 37J4 pounds
or Pork 22^

Flour :...34
Beans 5

"

Coffee S%
or Tea %
This will allow a little more wasbiog than the other, and will fill the

inner man, and where transportation is a great object it might do. It

would not be especially cheap and would be pretty poor living.

I worked under one chief of party who used the following list. It was
in a country where everything was packed in on men's backs, and he

was well satisfied with it :

RATIONS FOR ONE MAN THIRTY DAYS.

Flour ?>1 pounds
Ham and bacon 16%
Canned beef f

Dried beef 1

Boned codfish 1

Crackers 3

Ginger snaps -1
"

Oat meaL
Butter 314
Lard 2
Sugar 9 "

Coffee 3 pounds
Tea 1

Condensed milk 4 "
Salt 3
Baking powder 1 "
Saleratus % "

Yeast cakes 1 ounce
Pepper 1 "
Mustard 2
Soap 2 pounds
Candles 2 "

I got a cook in my employ to make me out a list to be used on con-
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struction work where it was possible to get in with teams, but was over
very bad roads. It was :

SUPPLIES FOR ONE MAN THIRTY DAYS
Flour 35 pounds.
Ham 20 "

Bacon 5 ;<

Canned beef 5
"

Dried beef 3 "

Oat meal 6
"

Corn " i
"

Navy beans 6
"

Sugar 10
Coffee i
Tea % "

Rice 2
Corn starch % "

Salt 2
"

Condensed milk 3
"

Soap 2
"

Candles 3 "

Pickles 1 quart.
Vinegar 1

"

Butter 5 pounds-

Lard 2j4 "
Evaporated apples l "

peeled peaches 1 "
raspberries 1 "
cherries 1 "

Raisins 1 "
Pepper l ounce.
Mustard l "
Ginger l "
Cloves 1 "
Lemon extract 1 "
Vanilla " 1 "
Yeast cakes 1 "
Soda l "
Baking powder y2 pound.
Matches l box.
Syrup y2 gallon.

This was a very satisfactory list. We had a few extras such as

Worcestershire Sauce, ketchup, etc., which we gathered by cutting some-
thing else out. One month we might need no spices or only half rations

of some other article. All men do not eat alike and all cooks do not use

supplies alike. One would run out of milk while another woul i run
out of lard or butter. Five pounds of fruit per man are needed, and I

prefer five kinds (calling raisins a fruit). It will take about fifteen to

twenty pounds of canned and after the first week men will tire of the

canned nearly as much as of the old plan of plain dried apples. The
cott of the above was at that time not far from ten dollars per month at

that place. This includes only cost of goods. Company shipped them
from Chicago to end of track, from whence they were brought by team.

In the Eocky Mountains, the past season, the following was the ration

list supplied by the company :

RATIONS FOR ONE MAN THIRTY DAYS.

30 pounds. > Mustard 1}4 ounces.Flour
Fresh beef 25
Ham 10
Bacon 3
Potatoes 35
Oat meal i]4
Corn meal "... 2

Navy beans 3
Sugar 9

Coffee 3
Lard 3
Buiter £
Evap. apples 2]4

" peaches 2}^
Tea Yq,

Salt m
Corn starch Ji
Rice 2
Pepper 2

Ginger 1

Allspice 1

Cloves 1
Cinnamon 1
Lemon extract 2
Vanilla " 2
Pickles ¥z gallon.
Cond. milk 3 pounds.
Candles 3)4 "
Soap 3 1-lb. bars.
Matches 3 boxes.
Vinegar 1 gallon.
Syrup 1

"

Soda (baking) 1-6 pound.
Yeast cakes 1-16 "
Baking powder 1

"

Tomatoes 4 1-lb.cans.
Corn i " "

This list would have been improved by substituting five kinds of fruit

for two, and by furnishing half the amount of canned corn and an
equal amount of canned peas. In our party the allowances of soap,

candles and vinegar were excessive, and butter, lard and milk too small.

The potatoes took a great deal of milk. I have given these lists as

guides. You will find that the meat and flour rations of the United

States need to be closely followed. And in all matters of luxury, such

as fruits, which are as a relish after the solids are disposed of, you will



CLASSIFICATION OF MATERIAL IN RAILROAD CONSTRUCTION. 38

find that a variety is what yon need. Some of yon may recall a detest-

able boarding house, where each dinner brought you a piece of dried

apple-pie and each supper brought you a dish of stewed prunes. Does

not your stomach recoil even now at the monotony of it ?

Should you have to keep supplies for animals in addition to men it is a

safe rule to calculate on 18 pounds of grain and 14 to 30 pounds of hay
for each horse or mule. The different quantities of hay are according to

quality. I would say 14 pounds of hay grown by irrigation in a rainless

region. 22 pounds of cultivated timothy and red top and 30 pounds of

native. Much of the latter is wasted. Hay raised in the rainless region

is never injured by rain or dew and contains much more nutriment than

when it is more or less bleached. Three burros (jacks) or pack ponies

are equal to one horse or mule.*

One of the most unjust plans where a road has work in widely sepa-

rated localities is the system of " cash rations" once in vogue on the

Union Pacific Railway, where no difference was made in allowance be-

tween Nebraska and Kansas work where everything was cheap and the

work in Colorado and Wyoming, where things cost two or three times

as much. While a party could live well in the first-named region, in

the latter it would barely give subsistence. And this difference in cost of

living is too often lost sight of on roads where men are required to board

themselves. Wages which are good in one region are very slim in

another.

But, perhaps, in a profession like ours, where positions are of such a

transient nature, and where there is such a lamentable disposition among
so many to take what can be secured, it is useless to hope for any reme-

dy of evils, and we must continue to make the best of circumstances,

and the chief aim of many will still be to get out of the profession as

soon as possible. I am fain to believe that much of this unjust treat-

ment from our superiors is due to a lack of knowledge of conditions

under which we labor. It is for this reason that I write this, knowing
from experience that the last two lists are good wholesome living; fare

on which men can work and be cheerful. Knowing needed quantities,

cost can be figured by prices for that region.

DISCUSSION.

By H. W. ParJchurst.

The suggestion is made indirectly that estimates should be made some-

what in accordance with the actual expense on the work, classifying so

as to cover this expense.

It may be of interest to the Society to know about a piece of railroad

work which the writer let with the stipulation that the contractors might
take their option, either to be paid by, the engineer's estimates, or to

demand ten per cent, above the cost of the work. The railroad lay along

the bank of the Mississippi River, and its construction required moving a

* If you are not familiar with the " burro " or "Rocky Mountain Elevator," and
wish to make his acquaintance you may find a charming description of him on his
native heath in a little volume of " Letters from Colorado," by Mrs. H. L. Wason,
who is evidently acquainted with him on his native ground. He is a Mexican jack
and is indispensable in the mountains, where he carries everything from the school-
ma'am and her "Saratoga" to the peregrinating saloon.
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great deai of material which would fall under uo one of the orJinary

classifications, consisting largely of debris from the bluffs, broken stone,

decomposed shale, clay, earth, gravel, and rock in all conceivable propor-

tions. The need for an early completion of the work led to the adoption

of so unwise a method of letting the contract.

The possibility of the " ten per cent." alternative being selected made
it necessary to keep a force account. This was carefully done. The
wages of men and teams were agreed upon, and were not to be changed
without the engineers consent, and on due notification. Timekeepers

kept a daily account of the forces at work, returning this to the chief

engineer's office, where'the cost of each piece of work was figured up.

All sub-contracts were filed in the chief engineer's office, and the cost of

such work was also figured up monthly. The subdivision engineers

made monthly returns to the chief engineer of quantities of work done,

classifying it according to the specifications.

Each month, therefore, it was possible to determine what the prob-

ability was that the contractors would accept the estimates or elect to

ask for the^one hundred and ten per cent. They chose the latter alter-

native, although -by our account the estimates exceed the amount so

calculated on our time returns, and a lawsuit followed, whose end was
lost sight of in the complications ensuing on the failure and flight of

one of the contractors.

It is, perhaps, hardly necessary to point the moral never to let such a

contract : but it. is to be remarked that it may, perhaps, be an unwise

thing for an engineer to let his judgment on classification be warped
by any consideration of the cost of the work. As a matter of informa-

tion, to know what work costs, and to govern in estimating future ;vork.

it may be wise to keep a force account, but not to determine how to

classify work in progress.

The engineers' plain duty is to interpret the specifications fairly; but it

is no measure of fairness to pay a lazy or injudicious contractor a libera!

percentage above the cost of a badly managed contract.

By John W. Weston.

It appears to me that the commissariat appendix to the paper has

diverted attention from the author's remedy for the frequent troubles

arising from the classification of materials in railroad work. I can

endorse the author's suggestions if the engineer himself is preparing in

the future to take up the " contractor's" business, but I cannot see how
it is possible to reach so close an estimate of the cost of a piece of work
as to decide the profits to be allowed the contractor in the event of a dis-

pute. And it must be conceded that it is the contractor's business what
profit he makes and not the engineer's. It seems to me that without a

certain amount of underhand work it is doubtful whether any contractor

would not, and in a certain sense, rightfully, too, place every obstacle in

the way of such a close scrutiny without some prearranged plan of action.

Such a method would certainly be impracticable in a large manufactur-

ing contract.

I have regretfully observed that very many of our engineers, overcome

by zeal for the interests they serve, depart quite seriously from the line
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of strict impartiality which is an attribute of our profession, and are

guilty of unfair discrimination.

In my opinion the remedy should lie in certain contingency clauses in

the specifications, which might in the event of dispute bring the engineer

and contractor together to fairly measure and price the work.

By Benezette Williams.

It is safe to say that the divergence of opinion displayed by Mr. Van
Aukens paper, and the discussion of the same by Messrs. Parkhurst and

Weston with regard to methods which should be pursued in making
classification in doubtful cases, is not as great as would be betrayed by

an independent application of each gentleman's judgment to any par-

ticular case of the kind named..

This assertion is based upon the assumption that they are equally hon-

est and intelligent, and that one has had fully as broad an experience

as another in railroad work. If I am right, this condition of affairs im-

plies a great deal more than engineers realize or are generally willing to

admit regarding themselves, and the dual relation which they sustain

to their employer and the contractor whose destiny they hold in their

hands.

In addition to clauses defining the different classes of material, it is

almost universal for a railroad contract to provide in the strongest lan«

guage that the combined vocabulary of the lawyer and engineer is

capable of furnishing, that the engineer's decision, not only in matters

of classification but upon every possible question that can arise, is to be

final and binding upon the contractor.

Take such a contract as this on work where it is admittedly difficult

to determine the class to which material should belong, and the engi-

neer becomes fully as important a factor as any judge upon the bench.

Are engineers generally fitted by their training, and the relations they

sustain to the parties in interest, to properly discharge such a trust ?

As to training, a part of them are, but a larger part are not. In their

relations to the interested parties none of them are.

Let us suppose a case with a contract such as has been described,

in which a part of the material being dealt with clearly belongs to a class,

the price for which is greater than the cost of excavating it. Suppose

the engineer to be, what he usually is, a subordinate to a higher official,

who from the financial stringency of his company, or other reason, gives

orders to have things "cut to the quick," will not the temptation be

great—if Mr. Van Auken's suggestions relative to a force account be

followed—to classify by a percentage so as to make the allowance equal

the cost, on this particular part of the work, without regard to the

fact that the contractor is losing money on another part, perhaps under
a legitimate classification? Under such conditions we need not be sur-

prised to find rock being classified as loose rock and loose rock as earth

on the basis of the force account. Or suppose the engineer has made a

preliminary estimate of the cost of the work upon which the road has

been financed, that is found to be much too low, the temptation to shield

himself from censure and his company from loss may be found too great

to be withstood.
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But it will be said that this is dishonest and no reputable engineer
would engage in such business. True, it is dishonest, but all business is

done upon the supposition that reputable men of any class may some-
time do dishonest and unjust things under sufficient pressure. It is a
recognized principle of legal morality that no judge or arbiter shall act

in a case requiring absolute judicial fairness in which he is interested

directly or indirectly. But engineers are continually placing themselves,

or allowing themselves to be placed, in situations where not unfrequently
hundreds of thousands of dollars depend upon their decision, without
the slightest compunctions, notwithstanding they are dependent for their

living and advancement wholly upon but one party to the case, and
hence cannot be disinterested, or at least cannot maintain a disinterested

position. Such trusts are accepted not only with an obligation to but

one party in interest, but with an irremovable bias against the other

party. Not against the individual, perhaps, but against the class to

which he belongs. It is traditional with engineers that contractors are

all liars and are only looking for a chance to cheat somebody. In addi-

tion to this they enter upon their work without any proper appreciation

of the interests involved and without an adequate knowledge or experi-

ence for the work in hand.

In other words they are particeps criminis to contracts which give them
the highest judicial powers, and then accept the position of judge with

all their hopes of preferment and livelihood dependent upon one party to

the contract.

But the most unique feature of this proceeding is that they should be

able to do it with a conscience devoid of offense, and with the most in-

delible conviction that they are a whole generation of "Daniels" sent to

protect innocent and confiding railroad corporations from the rapacity of

designing and dishodest contractors.

The facts are that the methods pursued in letting and executing con-

tracts for railroad, and other work, is wrong, and that engineers have

in their weakness become parties to a dishonest system which no amount
of contention over details of classification can ever make right.

They consent to work under a code of professional morality, that while

scarcely aliowTing them to accept ordinary courtesies from one party to a

contract in which they are made final arbiters, will permit them with

impugnity to become the paid servant to the other party. We are all so

used to this that we are incapable of appreciating its enormity. Under
such a system what wonder if a contractor persuades himself that since

the party of the second part can have an obedient servant for a judge,

that it is necessary for him, the party of the first part, to buy justice
;

and what wonder if sometimes he gets more than justice by purchase.

In a last analysis of the ethics of such a case an impartial mind must
admit that there is no difference between the parties of the first part and
second part, and that the poor dupe of an engineer is fully as likely to

display judicial mindedness when receiving pay from both sides as

when receiving it from only one.

It is perfectly feasible to do away with, such an immoral and unjust

system, and engineers should have the manhood to demand that it be

done away with, and to refuse to work as hired judges any longer.
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Contractors, for their own protection, should combine and refuse to

take work under contracts which places them in a position of either

-accepting the decision of one man or a resort to the courts. Both con-

tractors and engineers who believe in honest methods should work to-

gether for this end.

Though the manner in which an architect conducts his business places

him in a far more independent relation to both the contractor and the

owner than the engineer sustains to his employer, it has been found
necessary to provide methods of reversing the architect's decisions rela-

tive to the cost and quality of work without an appeal to the courts.

The American Institution oj; Architects, the Western Association of

Architects and the National Association of Builders have lately agreed

upon a form for uniform contracts to be used in building operations,

which provides that "Should any alterations be required in the work
shown or described by the drawings or specifications, a fair and reason-

able valuation of the work added or omitted shall be made by the archi-

tect, and the sum herein agreed to be paid for the work according to

the original specification shall be increased or diminished as the case

may be. In case such valuation is not agreed to, the contractor shall

proceed with the alteration, upon the written order of the architect, and
the valuation of the work added or omitted shall be referred to three

arbitrators (no one of whom shall have been personally connected with

the work to which these presents refer), to be appointed as follows: one

by each of the parties to this contract, and the third by the two thus

chosen: the decision of any two of whom shall be final and binding, and
•each of the parties hereto shall pay one-half of the expense of such ref-

erence.

Could engineers descend from their lofty plane [long enough to con-

fer with contractors they would perhaps discover that because a man
may be a contractor he is not necessarily more dishonest, and is often

more competent than the engineer, that he is amenable to reason and
only desires to have some way of settling differences of opinion and

judgment other than by the law.

I have dwelt upon the character of contracts, and the manner of exe-

cuting them, rather than upon the method of making classification be-

cause it is the system which is at the root of much of the difficulty.

But taking things as they are it is evident from this discussion that there

is no harmony of methods, that no contractor can rely upon getting the

same classification from two different men. Where so much latitude

exi3ts then surely some easy way should be provided of having a dis-

puted case adjusted in which the contractor's voice can be heard. As it

now is, in a case involving important classification, the character of the

engineer is of far greater importance than the character of the contract.
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HENRY FRANCIS WALLING.

Memoir by C. W. Folsom, F. O. Whitney and E. L. Brown, Committed
the Boston Society of Civil Engineers.

[Read November ,81, 1888.]

The future historian of the progress of our profession in this country r

especially in the department of map-making, cannot omit the name of

Professor Henry F. Walling.

So far as your Committee can learn from Mr. Walling :

s business

records, between the years 1848 and 1888 he prepared and published,

either alone or with others, maps of no less than 20 States and Provinces.

280 counties, and over 100 cities, towns and special localities.

These were commercial maps, and subject to the defects of such. The
public is rarely ready, especially in such a new country as ours, to pay
individually for that high degree of scientific accuracy which a national

or state undertaking only can secure, and which no one appreciated

or understood better than Mr. WTalling himself. But they were iully up
to the requirements of the times when they were issued, and to the con-

dition and resources of the county represented.

Map-making follows the universal law of evolution—first, the grain,

and then the ear, and then the full corn in the ear.

For a full scientific triumph like the Ordnance Maps of Great Britain

the public mind has to be trained through long courses of years by less

exact and costly representations, each in tuin serving the needs of its

generation, and paving the way for the next step onward.
Henry Francis Walling was born at Burrillville, Rhode Island, June

11, 1825. As might be expected, his immediate ancestors, though plain

and unpretentious people, showed the traits of industry and integrity,

combined with gentleness and amiability, which distinguished their de-

scendant. His father for many years carried on a mercantile business

in Providence, and his grandmother was a member of the Society of

Friends.

Henry was educated at the public schools of Providence, where his

teachers remember him as a sober, thoughtful pupil, with a mind con-

stantly at work, and excelling without effort, especially in mathematics.

He was disposed to investigate for himself, rather than to blindly accept

the solutions of others.

He then fitted himself for a university education at the school of

Thomas C. Hartshorn, and at Lyon & Frieze's, but did not enter college:

having married in May, 1847, Miss Maria Fowler Wheeler, he being not

quite 22 years old, and she being 16. Their first child, a son, born in

August, 1848, lived to be eighteen years old, and was in his second year

at Yale College when he died very suddenly. He was a very promising

young man, the pride and hope of his parents, ^and from this loss Mr.

Walling never fully recovered. Two daughters survive their father,

the eldest of whom is married and lives in Rhode Island.

This early marriage, which prevented Mr. Walling from carrying out

his plans, for a more finished education, led him at once to take an
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active part in the business of life. He had been assistant librarian of the

Providence Athenaeum, and had taught an evening drawing school with

marked success.

He soon became a partner with the late Samuel Barrett Cushing. an

engineer of great local repute, and early began his series of maps (after-

wards constantly followed up) with that of the town of Northbridge,

Massachusetts.

In 1858 he left Providence and went to New York, where he established

a map-making business in all its details. For this he employed surveyors

whose work he carefully revised, and had the maps engraved under his

own personal supervision. This work he carried on very successfully and

with great financial comfort until 1^61, when the civil war broke out

and ruined the business.

One of your Committee recollects very well a talk with him about this

matter some years ago. Mr. Walling said that the immense rise in all

materials entering into map-making—the cotton, rolls, boards, and glue

even—consequent upon " war prices,"' was enough to make it impossible

to manufacture unless at a loss. Add to this that the demand almost

entirely fell off, as Mr. Walling"s maps unfortunately were not of those

States that became the battle-fields of the war ; and it was a foregone

conclusion that the business must stop.

In March, 18C8, Mr. Walling accepted the chair of Civil and Topo-

graphical Engineering in the Pardee Scientific School of Lafayette Col-

lege, at Easton, Pa., where he remained three years, when he was per-

suaded by his former business associates to come to Boston and resume

the work of map-making, which he never entirely gave up again. As
time went on, he took a position on the U. S. Geological Survey.

For many years it was the desire of his life to bring out an accurate

and extensive map of Massachusetts ; and when he found it could not

be accomplished by private enterprise, he joined with great zeal and in-

terest in the labors for the production of the one that is now forthcom-

ing under the joint care of the State and of the United States Geological

Survey. He was engaged at the time of his death in locating the town
boundaries upon this map, and connecting them with the triangulation.

He died very suddenly, with only a brief illness, of heart disease : and

after his eyes had closed to their earthly labors, his computing book still

lay open upon the table where he had used it a few hours before.

Professor Walling was an honest, sincere, upright man, and an earnest

seeker after the truth ; a man of singular reserve, and rare modesty, never

obtruding his private affairs or opinions upon others; but a man of de-

cided convictions, and disposed to go to the root of matters, rather than

to rely on custom or tradition. His pleasure and relaxation lay in his

studies and speculations on physical theories, such as of force, attrac-

tion, the "ether," the atomic theory, etc., etc. He contributed many
papers on many subjects to the meetings or journals of the various scien-

tific societies to which he belonged. He was an active and respected

member of the American Society of Civil Engineers, to which he con-

tributed several valuable papers upon topographical surveying, such as

'Co-ordinate Surveying," "Cadastral Maps in Ohio," " Co-operation be-

tween National and State Governments in Topographical Surveying."
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At the annual meeting held in New York, November 7, 1877, Professor

Walling presented a form of memorial to Congress in reference to ex-

tending the triangulations of the United States coast survey. Tue
memorial was afterward submitted by letter ballot to the members of

the society, and adopted April 3, 1878. Two copies were engrossed and
signed by the President and Secretary and forwarded, one to the Senate

and one to the House of Representatives of the United States Congress.

Professor Walling served as a member of the Local Committee when
the annual convention was held in Boston, June 18, 1878, and in Wash-
ington, May 16, 1882.

We all remember Mr. Waiting's deep interest in the success of the

Boston Society of Civil Engineers, although but one of his papers, that

on " Topographic Survey of States," appears in our published transac-

tions.

Our members will well recollect the amusing jeu-d'-esprit in verse

which he read at our annual dinner two years ago, " A Study in Pro-

phetic Engineering," ia which he took a humorous view of the possible

future of the profession in 1980, describing the " graceful soaring air-

yachts," each man's "private electric railway" from his own back

yard, the " tunnel under Behring Straits," the water supplied from the

Great Lakes to the great cities, a "photophcnic signal code from the

moon," and, best of all, his remedy for the blockades on street railroads

in great cities by having Stewart's. Wanamaker's and Jordan & Marsh's

great stores mounted on wheels and passing along in front of each lady's

door, the purchaser boarding the sales-car in fiont of her own residence,

and getting out at the same place, or at a friend's, after concluding her

shopping.

Mr. Walling had the love and respect of all who knew him; hospit-

able and sociable at his own home, and eminently companionable

among his scientific associates, he was notably kind and patient with

his assistants and employes. He never made an enemy, and left every

one who knew him a friend.

REPORT ON CIVIL ENGINEERING AND SURVEYING
PROGRESS.

By a Committee of the Civil Engineers' Club op Cleveland.
[Read October 9, 1888.]

The Committee on Civil Engineering and Surveying begs to submit the

following report on Civil Engineering progress during the last year:

Your Committee has in several cases endeavored to give in its own lan-

guage and condensed form descriptions of great works which are else-

where treated in a manner too voluminous for the busy engineer. In

other instances it has borrowed from various sources, with poetic license

of omission and addition.

The report embraces concise accounts of a few of the more notable

works proposed, completed or in process of cosntruction, both in this

country and Europe.
THE TRANS-CASPIAN RAILROAD.

One of the important engineering events in the old world was the
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completion during the past summer of the Trans-Caspian Railroad from

the Caspian Sea to the historical city of Samarkand, the capital of Bok-

hara. The work was first begun in 1881 by the Russian Government,

who built 144 miles of railroad for military purposes from Mikhailoosk

on the Caspian Sea to Kizel Arvat, under Gen. Annenkoff. The portion

just completed, also under his direction, commenced at Kirzel Arvat

and was built to Samarkand by way of Merv, a distance of 736 miles.

The easterly terminus was also extended 14 miles easterly to the port of

Ozoun Ada, on account of greater depth of harbor there.

The railroad eross?s the Turkestan Plain, practically a sandy desert,

there being stretches of 100 miles entirely without water, and only 3

streams of importance cross the route throughout its length. The work
presented greater natural obstacles than the building of any one of our

Pacific roads, but not such great engineering difficulties. The grading

was mostly done by native workmen who received about 10 cents a day.

They were allowed to carry sand for the road in the skirts of their scanty

dresses. It was thought best to allow them to use their own methods of

work and not put tools into their hands, which they would not know
how to use. As many as 30000 laborers were employed at one time.

Hardy plants had to be cultivated along the road to prevent the moving
sands from burying it. All ties and wood were brought from Russia,

also steel rails, which cost $80 per ton, and were furnished by the Rus-

sian Government ; weight 64 pounds per yard. The longest bridge is

over the Amon Darid River, length 13,776 feet, but only 6,225 feet in bed

of river. It is a pile bridge, cost $ 160,000. The 750 miles of road were
built in 2* months ; total cost, $19,553,600, or at the rate of $25,936 per

mile. Russian rolling stock is used, consisting of 1,400 cars, and 80 loco-

motives, burning petroleum. The road is now being extended to Tasch-

kend. A yet grander railroad is now proposed by Russia, the Trans-

Siberian, to reach from the Ural to Vladivostok, on the Sea of Japan,

3,720 miles, and to connect same with Trans Caspian Railroad by line

from Omsk to Taschkend, about 620 miles. A road will doubtless be built

from Orensburg to Taschkend, giving all rail route from St. Petersburgb.

to Samarkand. At present Samarkand is brought to within 6 days jour-

ney of Moscow.
THE FORTH BRIDGE.

The building of the bridge across the Frith of Forth in Scotland is

undoubtedly one of the greatest engineering feats ever attempted. The
following statements will give some idea of its magnitude : The bridge

is about If miles long, and has a clear headway of 150 feet to allow the
passage of the largest ships. It consists mainly of three enormous double
cantilevers, two 1,505 feet and one 1,620 feet in length. The effective

depth of truss over the piers is 330 feet, and at the ends 35 feet. These
cantilevers rest on gigantic masonry piers, each pier consists of a group
of four columns, each column being 49 feet in diameter at the top and
36 feet higb, which rest either on the solid rock or on concrete carried
down in most cases by means of caissons of maximum diameter of 70
feet, to solid rock or boulder clay. The middle pier rests on Inchgarvie,
a small island fortunately dividing the deep water space into two
channels of nearly equal width. The total length of the bridge is 8,296
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feet. There are two spans of 1.710 feet, two of 680 feet, fifteen of 108

feet, four of 57 feet, and three of 25 feet, the latter being masonry arches.

The extreme height of structure is 361 feet above, anil the extreme depth
of foundations 91 feet below high water mark. The centre portions of

the two 1,710 feet spans on each side of Inchgarvie are formed by two
lattice girders 350 feet in length, 50 feet deep in the center, and 37 feet

deep at the ends. There will be about 53,000 of steel in the superstruc-

ture, and about 140,000 cubic yards of masonry and concrete in founda-
tions and piers. The engineers say there seems to be no reason now why
the bridge should not be finished by October 1, 1889.

THE CORINTH CANAL.
One of the oldest engineering projects in the world is now gradually

approaching completion, and the work will probably be finished the

coming year. This is the canal across the Isthmus of Corinth, in Greece.

It was first planned some twenty-five hundred years ago, and work was
actually begun under the Emperor Nero, but discontinued at his death.

The present work was undertaken four years ago by ihe French. When
completed it will be about 4 miles long. It is * metres deep, enough for

the largest vessels now navigating the adjacent seas. It was expected

to open it this year, but the engineers thought best to wait until the

oompletion of some masonry retaining walls on a section about If miles

long, where the excavation is through a light, sand soil, not fitted for

permanent banks, The walls will prevent frequent obstruction and
dredging. The cost of the canal will be about nine million dollars, be-

ing about four million more than the estimate. The work has been done
under French engineers. It is considered very doubtful if the tolls that

can be collected will pay interest on the investment.

THE EIFFEL TOWER, PARIS.

What will be one of the most remarkable structures of the present age

is now building in Paris for the exposition of next year. It is known as

the Eiffel Tower from the name of the engineer designing it. It is to be

a structure of iron 300 metres or 984 feet high, and will be by far the

highest structure in the world, being nearly one and eight-tenths times

the height of the present highest structure, the Washington Monument.
The tower stands upon four legs on a base of 100 metres square. Each
leg consists of 4 columns; each column rests upon a large casting sup-

ported by hydraulic jacks, by means of which the columns have been

raised more or less and plate-iron packing put under them, and thus the

tower has been accurately plumbed to a perpendicular line, and any
future slight settlement can be readily adjusted. The weight of the iron

work is seven million kilogrammes, 7,767 American tons. Each column
requires a force of 425 tons to lift it, and each jack has a power of 600

tons. The columns are made of plates and angles decreasing in size and

area from bottom to top. The columns are inclined at quite a large

angle with the perpendicular for about two-fifths of the height, where

the outline gradually assumes a more perpendicular shape, the profile of

the tower in elevation resembling a flat ellipse. The column- are con-

nected by braces formed of angles and riveted lattice bars. The pieces

of the columns are connected by splice plates, to which the braces are

riveted. The pieces of the columns are short, from 3 to 4 metres long, no
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piece being of great weight, say from 7 to 10 tons. The tower would have

a better effect to the eye if the base had not been made so broad,

which was not necessary from an engineering stand point. As it is, the

effect is of over strain in the legs by reason of their great obliquity.

Ascent is to be made by means of two elevators or lifts. The lower sys-

tem extend, from the ground to the second galleries, about one-half way
up the tower, and will be put in by an American firm—the Otis Bros. &
Co., who are now engaged on the cylinders at their works at Yonkers,

N. Y. From the second floor to the top the elevator will be a French
one, known as the " Edoux" ram-lift system. It is stated that M. Eiffel

could not obtain in France the proper elevators for the lower lift, and was
compelled to come to this country for them. This has caused some feel-

ing against him in France, and he has been criticised into by the papers

for applying to foreigners, but he would not have done so could he have
avoided it. The tower is expected to pay a large revenue from sight-

seers, and from restaraunts, etc., in the different galleries, of which
there are three.

If it proves a financial success, it will, undoubtedly, be imitated in

many of the large cities of the world.

THE PANAMA CANAL.

So much has been written lately, both in the technical journals and in

the newspapers about this gigantic undertaking and the chances of its

ultimate success or failure, that the public has become pretty well in-

formed in regard to it, and your Committee will not, therefore attempt
any description of the work, but will simply remark that, despite the

enthusiastic and inspiring declarations of De Lesseps and his French ad-

mirers and supporters, many of the best informed engineers are of the

opinion that the work will never be finished by the present company,
and probably not at all. The failure of the enterprise would prove one
of the greatest financial disasters in the world's history, and bring ruin

to tpousands of investors in the stock and bonds of the company. It

must be confessed that the present outlook for the completion

of the canal is far from bright. The company has already expended
over two hundred million dollars, and only about one-fifth of the work
for a sea level canal has been accomplished. Even with the substitution

of temporary locks, as now proposed, it is doubtful if the work can be

finished inside of five years. There are to be ten of these locks, to cost a

million dollars each. It seems that the latest scheme of the company to

replenish its finances has not proved much of a success. Of 140 million

dollars worth of lottery bonds offered only 56 million dollars worth were
taken by the public, and of this amount only about 12 million dollars are

available for the prosecution of the work, the other 44 millions being re-

quired for the purchase of Government securities guaranteeing the loan

and for payment, of interest due. The fixed interest charges are said to be

abouc 20 millions per annum. In face of these facts it is hard to see how the

canal can ever be a financial success, even if it should be finished as now
proposed. However, all will unite in the hope tliat the worst fears may
not be realized, and that the greatest engineering enterprise of the age
may not terminate in utter and disastrous failure.
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One of the great projects now under contemplation is the

LAKES AND GULF WATERWAY.
This is to be a free national waterway wide and deep enough for the

largest river steamers, and for naval vessels in time of war, and which
will afford a large and steady supply of water to the Illinois and Missis-

sippi rivers.

Route.—Of two proposed routes, the following will probably be first

constructed :

From Lake Michigan, by way of Chicago River, Avith branch uniting

at west fork of the south branch, near city limits, thence by artificial

channel southwesterly in the bed of Mud Lake to the Desplaines River,

at Summit, eight miles; thence southerly, by channel in the rock bed of

the Desplaines, to Joliet Lake, 28 miles; thence by slack water locks and
dams and channel improvement in the bed of the Illinois and Des-

plaines (64 miles), to La Salle, the present head of navigation on the

Illinois; thence to the Mississippi and Gulf.

Contour.—Chicago 1 o Romeo, 27 miles, surface of ground is about 6

feet above mean level of Lake Michigan.

Romeo to Lake Joliet, 10 miles, there is a descent of 77 feet below

lake level.

Lake Joliet to La Salle, 60 miles, there is a fall of 70 feet.

Total Distance.—Lake Michigan to La Salle, 100 miles; total fall

—

Chicago, to La Salle, 146T
G
o feet; La Salle to mouth Illinois, fall of 27 feet.

Size of Waterway.—Chicago to Lake Joliet channel is proposed to be

160 feet wide and 22 feet deep; current, 2 miles per hour; capacity, 600,000

cubic feet per minute; Lake Joliet to La Salle, slackwater locks,dams and
improvements to bed channel, 300 to 600 feet wide not less than 14 feet

depth; La Salle to Mississippi, 10 feet depth on bars at low water, ultima-

tely 14 feet.

Effect on Illinois and Miss. Rivers.—Claimed that it will add vigor

and improve low water stages (estimated 1 foot between St. Louis and
Cairo, 6 inches below Cairo).

Water Power.—It will create 100,000 horse between Lockport and La
Salle, making this the great manufacturing centre of the country, on ac-

count of its accessibility north and south by navigable water and prox-

imity to the great distributing point of the Northwest. The capacity of

the proposed channel, as a sewage outlet, will, it is claimed, be ample
for a population of 2,500.000.

Legislative Action. —It is proposed that Chicago shall pay the cost of

taking care of the sewage, leaving to the United States the expense of

suiting channel to wants of navigation.

Geological Formation.—It is claimed that before the last glacial period,

the upper lakes, Michigan, Huron and Superior, discharged 20 feet in

depth across the Chicago divide, which with the exception of alluvial

deposits of limited extent is but 6 feet above the mean level of Lake
Michigan.

Cost—Estimated.
Chicago to Joliet $17,000,000 to $31,000,000
Diversion of flood waters north of city 2,500,000 to 2,800,000
Channel Lake Calumet to the Sag 2,500,000 to 3,000,000
Other related works 1,100,000 to 1,150,000
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These channels are designed to carry full quantity of water under

most unfavorable conditions, to be navigable to Lockport and to conduct

the water to Lake Johet.

Claims.—The production of a magnificent waterway suitable to boats

of 2,000 tons burden, with available water power twice that of the Miss,

at Minneapolis.

This project has received the consideration of a Committee on Main

Drainage. Chicago; commission appointed by Illinois Legislature, com-

mittee appointed by Peoria Convention, 1887, and representing the States

of Illinois, Iowa, Missouri, Tennessee, California and Maryland, to

present the Lakes and Gulf Waterway project to Congress.

THE POTJGHKEEPSIE BRIDGE.

The great bridge across the Hudson River at Poughkeepsie was prac-

tically completed on August 30 last by the connection of the last river span.

The principal part of the bridge if on the cantilever principle. The total

length, including approaches, is 6,777 feet. There are five river spans and
four river piers. The centre span is 546 feet and the two shore spans of

548 feet each. There are two intermediate spans of 525 feet each, being

parallel chord trusses connecting the ends of the cantilevers. The bridge

is a deck bridge for railroad purposes, and the rails are 212 feet above

high water. The river is about 2,600 feet wide, with from 50 to 60 feet

depth of water. The piers are of iron and rest on masonry foundations

which extend to 30 feet above high water. The Union Bridge Company
are the engineers and contractors. They began work in 1886 and the

bridge will undoubtedly be open to travel within a few months, there

being still a considerable amount of work to be done upon the ap-

proaches.

THE CENTRAL VIADUCT, CLEVELAND, OHIO.

What is known as the Central Viaduct of this city which has been un-
der construction for the last two and a half years, will undoubtedly be

ready to open up to public use in December next. The following^facts

and figures will give a general idea of the structure.

The viaduct consists of two portions, one across the Cuyahoga River
valley and the other across the valley of Walworth Run. Each consists

of a series of iron bridges of various lengths, supported upon iron piers

resting on masonry pedestals. There are masonry abutments at the

ends, and a drawbridge over the river resting on masonry piers.

The following are the dimensions of the

Cuyahoga Valley Portion.
Length of floor of viaduct 2,839 feet.
Height of roadway at river above ordinary stage of water 101 "
Height of roadway above tracks on Nickel Plate viaduct. 33 "
Length of draw span .

t 236).2
"

Width of roadway ' 40 "
Width of sidewalks 8 "

Length of paved approach at east end 622 "

Walworth Run Portion.
Length of floor of viaduct— 1,098 feet.
Height of roadway above N. Y. C. & St. L. R. R. tracks 35 «
Height of roadway above Scranton avenue 76% "
Height of roadway above C ., C. , C. & I. R R. tracks 68% "
Width of roadway 40 "

Width of sidewalks 8 "
Length of paved approach to east end 873 "
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Total Quantities in Both Portions.
Masonry 16,792 cubic yards.
Concrete 4,584 "

.Foundation timber 969,440 feet, B. M.
Foundation piles 64,442 lineal feet.
Iron in foundations, about 76 tons.
Iron in superstructure 4,850
Lumber in flooring 817,000 feet, B. M.
Lumber in paving blocks 753,000 "

Weight of draw span, about 554 tons.
Length from Hill street to Abbey street 5,426 feet.

Length of iron viaducts 3,931 "

The total cost of the whole viaduct, including right of way, will be

about $900,000. Being for substructure about $247,500, and for iron

superstructure about $325,000; the balance, $327,500 being for right

of way and all other expenses, including paving of approaches, plank-

ing and paving bridges, stairways, lighting, etc. The total amount
allowed by law for the viaduct was one million dollars.

MISCELLANEOUS ENGINEERING NOTES.

Steel Rails.

Steel rails weighing 90 pounds per yard have recently been rolled by
the Bethlehem Iron Company, of Bethlehem, Pa., for use on the Reading
Railroad. They are said to be the heaviest steel rails ever rolled in this

country.
Locomotive Building.

The Pennsylvania Railroad Company has succeeded in erecting a 55-ton

locomotive complete in 16 hours and 55 minutes. Work was begun at 7

A. M. June 18th last, and in the time mentioned the engine was turned out

ready for use, thus breaking the best previous record, 24 hours, held by

the Baldwin Locomotive Works. Of course, all due preparation had been

made beforehand, but the feat is nevertheless a remarkable one.

A Paper Chimney.

A novelty in chimney shafts is reported from Breslau. A shaft 54 feet

high has recently been erected there constructed entirely of solid blocks

of paper cemented together. It is claimed that the shaft is both fire and
lightning-proof.

Hardening Wood.
According to Iron, a newly invented process of hardening wood is

being turned to practical account by the Germans. The process consists

in steeping the wood in a bath of caustic alkali for two or three days at

a temperature of about 180 degrees Fahrenheit, after which it remains

for two or three days in a bath of hydrosulphate: of calcium. The pro-

cess is completed by a bath of acetate of lead at a temperature of about

110 degrees Fahrenheit. Wood thus treated has many of the properties

of metal and is susceptible of a very high polish, but is lighter and un-

affected by moisture.
Ballast Spreader.

The Chicago, Burlington & Quincy Railroad is said to be experiment-

ing with the Rodgers "ballast car and spreader " in its freight yard at

Hawthorne. This is a car very much like an ordinary hopper car, but

has a capacity of 50,000 pounds. The hopper runs the length of the car,

and extends to within 1 foot of the track, and it is opened, and the fall

cf the stone controlled by levers. The spreader is a steel plow, fastened

under the body of a flat car and reaching below and on both sides of the
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rails. The car travels at the rate of three miles per hour, and in the trial

20 tons of ballast were spread along a new track in about one min-,

ute.

Surveying and Local Notes.

The tendency of our best surveyors is still in the direction of greater

precision in the measurement of angles and distances. The steel tape

has almost entirely superseded the chain, and surveyors are now paying

attention to the elements of tension and temperature in the measurement
of distances who formerly regarded these matters as useless refinement.

There is a chance for some instrument maker to make a hit by devis-

ing a neat and practicable handle for a steel tape, containing a ther-

mometer and spring balance, that will meet the wants of practice. The
trouble with those now made is that they are too cumbersome and in-

interfere with the use of the tape in measuring.

In this connection it may be mentioned that in the construction of

the Central Viaduct from Jennings avenue to the East Side, a distance

of about 2,800 feet, including a triangulation across the river, the meas-

urement of the engineers laying out the work only differed \ inch from
that of the original survey.

Among recent local surveys the location during the past summer of

the proposed street in the valley of Walworth Run, from Scranton

avenue to Gordon Avenue, may be mentioned. The length is 2.3 miles,

and the survey is the first one made along the Run with the precision

necessary for the appropriation of land. This survey and location is of

importance as being the forerunner of the contemplated main sewer to be

built in the street should the latter be opened up. Proceedings for the

appropriation are now in progress in the City Council of Cleveland.

Mr. Varney reports that in giving levels for the Arcade Building, this

city, he used two levels, one checking the other, and preventing any
gross error in elevations being made, and also detecting and leading to

correction of slight errors. He is now using a transit made by J. W.
Holmes, in which the stadia wires are not «et at the same focus as the

ordinary cross wires, and thus any danger of mistaking one for the other

is prevented. Respectfully submitted,

Walter P. Rice, 1

A. Mordecai, | Com. on
J. D. Varney, \ Civ. Eng.
John L. Culley, i

and Surv.
H. B. Strong, J

DISCUSSION.

Mr. Whitelaw : Did any of the reports on the Hennepin Canal take

into consideration the effect on the level of the water of the lakes ?

Mr. Rice : There has been a discussion by the Chicago Club of the

effect on the lake levels. The amount of water taken would only aggre-

gate a depth of about 2TT7 inches in the course of a year, and as the fluc"

tuations due to rainfall and other causes are so much in excess of that,

it would be of no practical significance. It would be difficult to detect

that any water had been abstracted from the" lake. During the flood
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stages the first effort would he to replace the water taken away. The
outlet has not sufficient capacity to discharge the flood waters at once.

Mr. Whitelaw : When the project was first considered seriously there

was a good deal of discussion on the subject, and many engineers thought

it would result in a permanent lowering of the lakes.

Mr. Varney : Will not the future needs of the canal demand a greater

water flow ?

Mr. Rice : It is claimed that the capacity of the proposed channel (600,-

00U cubic feet per minute) is sufficient for a population of 2,500,000. I

think the only place where proposed lake discharge would have any effect

would be on the slope of the St. Clair River, especially the rapids, and
that would be too small to take into serious account. The fluctuations due

to rainfall would influence all the lakes. It seems useless to talk of the

effect of the withdrawal of two and seven-tenth inches.

Mr. Mordecai : What is the area of the water going over the Falls of

Niagara ?

Mr. Rice: I do not know what is the discharge from the Niagara, the

amount of water withdrawn by proposed canal would be about one-

twentieth of the discharge from the Detroit River.

Mr. Varney: Is it claimed that the rainfall at any particular time has

raised the level of the lakes two or three feet ?

Mr. Rice: The annual rise is generally 12 to 16 inches in amount. The
annual mean level of Lake Ontario in 1870 was 2T

9
ff
feet higher than in

1872. The variation between highest and lowest water known is six

feet and some fraction. I think the highest stage was in 1838; it is the

greatest of which we have any record, and is used as the plane of refer-

ence.

Mr. Baker: Was not that highest stage in 1838 when they tried to fix

the base of level ? There was a mark made by Colonel Whittlesey. The
ordinary stage is about two feet below that.

Mr. Whitelaw : It came near it in 1877. Mr. Hubbard, of Detroit, in

his book called "The Recollections of Half a Century," gives the fluctu-

ations of the lakes and tries to account for them. His article on that

subject was copied in the Popular Science Monthly. (Mr. Whitelaw
makes diagram.) The first line in the sketch represents the periods of

the maximum sun spots; the next, of the rainfall, next, of the atmos-

pheric variations, and next, of the fluctuations of the lake surface. He
reasons that there is a lag of some months between the maximum peri-

ods of sun spots, rainfall and maximum water level. He tries to show
that the cause of high water is primarily maximum sun spots, which take

precedence of the other phenomena.
Mr. Rawson: Have any fluctuations been calculated as due to tides?

Mr. Rice: They are very slight. I think about TV of a foot. It was
only determined by a long series of observations. The tidal change at

Chicago is given as having an amplitude of 1-J inches for neap tide and 3

inches for spring tide.

Mr. Searles : The current number of Engineering News gives diagrams
showing the stages of water in great lakes since 1859, the monthly varia-

tions, the annual average variations, and also a somewhat parallel profile

showing the rainfall. The annual profile for the surface of the lakes is
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very nearly parallel with the profile for the rainfall, while, of course,

the monthly variations are much more irregular. The extreme variation

amounts to about two feet, the lowest being in 1872, and the highest in

1886. The variations on Lake Ontario have much more amplitude.

Mr. Varney : Has any one noticed any temporary tides in the lake

here? A few years ago I went with my wife and daughter to the foot of

Wilson avenue, and they went down on the shore to a little peninsula

apparently about two feet above the water. The water was nearly still

at that time, but standing back on the bank, I noticed that it was rising,

and within five minutes it was overflowing the peninsula, it rose in fact

five feet within a few minutes. I am giving the figures from memory,
but they are about correct.

Mr. Whitelaw: That was known here as the " tidal wave." It flooded

some of the railroad tracks. It has been explained as due to a sudden

passage of a very low barometer area over the lake, causing a sudden
atmospheric pressure.

Mr. Varney: I observed a heavy black cloud in the distance.

Mr. Rice: There are certain limits in the fluctuations of lakes in which
changes occur due to atmospheric pressure. They are generally slight in

amount. I had the pleasure of making an investigation for the govern-

ment with regard to the last wave. It rose eight or nine feet. The signal

observer said that no disturbance was noted on his instruments. The
barometer was the only instrument that went out of its ordinary course.

The heavy cloud over the lake seems always to have been an accompani-
ment to the tidal wave. I have always had the idea that it was the force

of impact added to the atmospheric pressure, and I was led to believe

that it was something in the nature of a tornado. There was scarcely a

breath of wind here, such slight breeze as there was shifted and came
with the cloud. I went out on the ridge and found that there had been

a severe wind there, and that we had been in a sort of atmospheric eddy.

This happened about five years ago. The wave came up on the Lake
Shore track. The piles were eight or nine feet above water, and a build-

ing was lifted off the piles. There are quite a number of records of this

wave, and Colonel Whittlesey mentions a number of others. I saw
an account in a Detroit paper of a lake steamer meeting just such a

wave.

Mr. Searles: According to the law of wave motion the crest is as high
above the mean level as the trough is below it. It is understood that

this measure of six feet is. from the extreme low point of the wave to the

extreme high point, so that the six-foot wave as measured would be
only three feet above and three feet below the mean level—there would
be only a three-foot variation from the surface of equilibrium.

Mr. Rice: Yet I found that the piles were eight feet above the water,

and the building was lifted off the piles.

Mr. Rawson: That is correct. At the time we were building the bridge

at Erie street. The men had left their tools there, and were ready to go
down. When I got there the water lay in pools on the bank that I should

have said was twelve feet above water. Loose railroad bars were
actually rolled over on the tracks.

Mr. Searles : In reference to the Hennepin Canal, Mr. Rice's suggestion
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in regard to flood water is ingenious. In times of low water we have
difficulty in navigating the St. Clair River. Now, if in that low stage
we have an outlet at Chicago, will not the St. Clair River suffer still

more? At the extreme of low water the loss at Chicago may act seri-

ously on navigation on the St. Clair River. It is only at times of extreme
drought that any damage to navigation need be feared ?

Mr. Baker : Will there not be a pollution of the canal from sewer-
age?
Mr. Rice : The people along the river have been complaining, but the

explanations of the Chicago people appear to have overcome the diffi-

culty, as they propose a sufficient dilution. The volume of water in the

canal is 600,000 feet a minute.

Mr. Whitelaw: If the canal is going to improve the navigation of the

Mississippi River so much it will injure the channels.

Mr. Rice: I think not.

Mr. Varney: Is the grade such that they can use them with locks?

Mr. Rice: As I understand it, there is to be an artificial channel about

36 miles long to Joliet Lake, after that 64 miles by slackwater, dams,
and channel improvement.

Mr. Mordecai: I understood that there were to be locks as far as Lock-

pore. I observe that the report did not notice the ship canal from Liver-

pool to Manchester.

Mr. Searles: I was struck by the figures of the Manchester canal. The
contractor is using 150 locomotives, 1,500 flat cars, 70 steam shovels and
15,000 men on a canal 35 miles long—a wonderful concentration of engi-

neering force.

CONDENSERS FOR STEAM ENGINES.

By J. H. Kinealt, Member of the Engineers' Club of St. Loris.

[R,ead December 5, 1888.]

During the last few years manufacturers have been paying a great deal

of attention to the economy of steam and fuel, and have been trying to

get as much work out of each pound of coal as possible. This is shown
by the number of improved boilers and furnaces designed for complete

and economical combustion of fuel that is in use, and by the fact that

engines of the Corliss type and engines with automatic cut-offs are

becoming more and more common.
But while manufacturers have been paying much attention to the im-

proved engines, boilers and furnaces, they have almost entirely over-

looked the condenser, a most beneficial and economical adjunct to an
engine. Except at very large establishments, water-works, large mills

and foundries in the East, condensers are not as much used on land as

they might be.

Provided there is a good supply of water at hand there is no reason

why a condenser should not be used with any engine, whether a high or

low pressure engine.

Of the two kinds, the jet and the surface condenser, the jet condenser-

is more generally used on land; because it is simpler, is not so apt to get

out of repair, and gives as good, if not better results than the other.
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In the jet condenser the exhaust steam from the engine enters a

chamber where it comes in contact with the condensing water, in the

form of spray, by which it is condensed* This chamber, in which the

condensation takes place, is the " condensing chamber." The condensed

steam, together with the condensing water, is pumped out of the "con-

densing chamber" into the "hot well" by means of a pump called the

"air pump." Part of the water in the hot well is pumped back into

the boiler by the feed pump, and the remainder is allowed to run to

waste.

The condensing water is sprayed when it enters the condensing cham-
ber by means of a rose fixed on the end of the injection pipe, or by

means of a perforated plate, called the "spattering plate," fixed inside of

the condensing chamber.

The principal parts of a jet condenser are : the condensing chamber,

the air pump and the hot well.

In the surface condenser the water for condensing the steam passes

through a number of small copper or composition tubes, on the outside

of whirh the steam to be condensed circulates. The steam coming in

contact with the cold surface of the tubes is condensed and falls to the

bottom of the condenser, from where it is pumped into the hot well.

The condensing water is either drawn or forced through the con-

denser tubes by a pump called the circulating pump.
The surface of the tubes that is in contact with the steam forms the

condensing surface of the condenser. These tubes are always of very

small diameter, and the metal of which they are made is as thin as is

consistent with safety. Sometimes, instead of the steam circulating on
the outside of the tubes, it passes) through them and the condensing
water circulates on the outside.

The principal parts of a surface condenser are:

The condensing surface, being the surface of a great number of very
small tubes, the air pump, the circulating pump, and the hot well.

Jet condensers for land engines are generally provided with independ-
ent steam cylinders for working the air pump. Condensers of this class,

of which there are several of different make upon the market, will

pump their own water of condensation ; but they ought not be expected
to draw water more than about 12 or 15 feet, as there are a great num-
ber of joints about a condenser that are difficult to keep air tight, and
the water flows into the condensing chamber against whatever pressure
is there.

The great point in favor of the surface condensers is the fact that the
steam, after being condensed, is returned to the boiler and used again
without it coming in contact with the condensing water. The same
water for making steam is used over and over in the boiler without any
new feed water except what is necessary to supply the loss due to leak-
age of the boiler and the various connections from the boiler through
the engine and condenser back to the boiler. And, as but little new
feed water is needed, the boiler may be kept very free from scale and
sediment. This, of course, is a great point in their favor for use at sea,
where it is desirable to get as little salt water into the boilers as possible.

The main objection to the surface condenser is the fact that when the
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tubes get hot they expand, and then are likely to become loose and leak.

They are also apt to "creep"—that is, work out of the bearing at one end.

Some dozen or more methods of fastening the tubes, so that they may
expand and contract without working loose or creeping, have been tried.

Some do well and others do not.

Condensing the exhaust steam from an engine diminishes the back

pressure by creating a partial vacuum behind the piston.

This vacuum is generally spoken of as being of so many " inches of

mercury," each inch of mercury representing a diminution of about half

a pound in the back pressure, and, therefore, a corresponding increase

in the mean effective pressure on the piston.

Thus a vacuum of twenty-six inches means that the back pressure has

been reduced about thirteen pounds per square inch, or that the engine,

instead of working againt a back pressure of fifteen pounds per square

inch, is working against a back pressure of only two pounds per square

inch. A vacuum of twenty-six inches cannot always be obtained, or,

even if attained, cannot be always maintained. But one of twenty

inches may be safely assumed for almost any condenser.

The expression for the work an engine will do per minute is

W-Pe.L. A. N.

Where Pe is the mean effective pressure in pounds per square inch of

the steam on the piston; L, the length of the stroke in feet; A, the area

of the piston in square inches, and N, the number of strokes made by
the engine per minute.

A, L and N may be considered constant for any given engine, and their

product may be represented by K.

Then W = K . Pe.

If Prepresents the initial absolute pressure of the steam in the cylinder,

r, the number of times the steam is expanded, and Px the mean back
pressure per square inch, then

pe = p
• ft + hyp- lQg- 7>) _ p

r
l

and W = g.P.(l+hyp.lQg.r
) _ K p

r

If now a condenser is attached to the engine, and the back pressure is

reduced to P2 pounds per square inch, the work it will then be capa-

ble of doing is

w - K - p
- fl + hyp- lQg- r

> x P>

K p (
1 + hyp, log, r) _ K

v ' -'

The per cent, of additional work the engine can do with the con-

denser over what it did without it is

Wx
— W_ Px — Pa

/ = W P(l + hyp, log , r) _ p

If it were desired that the engine should do the same amount of work
after the condenser is attached to it that it did before, it would be neces-

sary to reduce the initial pressure of the steam or to make the engine

cut off earlier in the stroke.
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Equating the expressions for W and U\, and solving the equation thus

obtained, it is found that the initial absolute pressure of the steam

with which the engine will do the same amount of work with a con-

denser that it did without one, is,

Pi _ r r (pi ~ pg>

1 + hyp. log. r

If now it be assumed that the pressure of the steam in the boiler is

equal to its initial pressure in the cylinder, as it is very nearly, it is seen

from the equation that, when the condenser is attached to the engine,

the boiler pressure may be reduced

r ip p\
- V——;—-— pounds per square inch.
1 + hyp. log. r r

If it be desired that the engine continue to do the same work, and

that the boiler pressure should remain the same, then, when the con-

denser is attached the point of cut-off must be changed from

1 1
- to -

, or the number of times'the steam is expanded from r to rx .

r r 1

The value of r, is obtained by equating the value of W and Wx , and

solving the equation thus obtained for r x .

The equation is :

1 + hyp. log. r± _ 1 + hyp. log. r Px
— Pa

r 1 r P
This equation can be solved bv trial, and the value of r

x
obtained

If the point of cut-off is changed from - to - then in the case of a
r r x

jet condenser the volume of steam saved per minute will be

If jA
N. T^.| —

J
cubic feet, less the amount necessary to run the air

pump. N is the number of strokes the engine makes per minute, and
V is the volume, in cubic feet, swept through by the piston at each

stroke.

If the air pump is run by a cylinder independent of the engine, it is

very easy to determine the amount of steam used by it per rm'nute. But,

when the air pump is run by the engine, the problem becomes difficult.

It is estimated that when the air pump is connected to, and run by, the

cross-head of the engine, the resistance due to it is equivalent to an ad-

ditional back pressure on the piston of from 0.50 to 0.75 pounds per

square inch.

The amount of water necessary to condense the steam from an engine

depends upon the temperature of the steam when it leaves the engine;

upon the temperature of the condensing water, both wh n it enters and
when it leaves the condenser. The temperature of the steam when it

leaves the engine is the temperature of steam corresponding to the final

absolute pressure of the steam in the cylinder. This final absolute press-

p
ure, P, may, for all ordinary purposes, be assumed as equal to — , where

P is the initial absolute pressure of the steam in the cylinder, and
r is the number of times the steam is expanded.
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The expression for the number of pounds of condensing water necessary

to condense each pound of steam exhausted from the engine is,

ff+ t t -taK - —rB~=tT~
Where H is the latent heat of steam under a pressure P4 ; t1% the tem-

perature of steam corresponding to the pressure P4 : t s , the temperature

of the condensing water when it leaves the condenser; and t s , the tem-

perature of the condensing water when it enters the condenser.

For ordinary purposes H may be assumed as equal to 1114.4 — 0.7 tt .

Putting this value of H in the expression for R it becomes

1114.4 + 0.3 U —t
r> 1 3

It is evident from the formula that the greater t x is, the greater R will

be. Also, the greater 1 3 is and the less t 2 is, the less will R be.

t
x
will be large or small, according as P4 is large or small, and for a

given initial absolute pressure, P4 is large or small, according as r is

small or large.

t s may be any temperature between t 2 and tt . If 1 3 is large, then the

pressure due to the vapor in the condenser will be large, and it will be
difficult to obtain any considerable diminution of the back pressure on

the engine. While, if t 3 is small it will take a large quantity of water

to condense the exhaust steam.

Bourne recommends that the condensing water be allowed to leave the

condenser at about 100 degrees Fahrenheit. On marine engines it is

usually assumed as about 110 degrees Fahrenheit.

The temperature t s of the condensing water when it enters the con-

denser depends upon the source from which the water is drawn. Every-

thing else being the same, a condenser will require less water in winter

than in summer. Since, in the winter t s will be less than in the summer.
In designing a condenser it is necessary to assume the smallest value

of t 3 that is likely to occur and the greatest value of t 2 .

Before a condenser is bought and connected to an engine, the engine

should have an indicator card taken from it by a competent engineer.

If that is done it will be easy to determine

1st. The per cent, of increase of work the engine can do with the

condenser over what was done without it.

2d. The amount the initial pressure may be reduced and the engine

continue to do the work with that it did without the condenser.

3d. The point in the stroke to which the cut-off may be changed and
the engine continue to do the same work with that it did without the

condenser.

4th. The number of gallons of water required per minute to condense

the steam from the engine.

TABT.ES.

For ordinary practice, when an indicator card cannot be taken from
the engine, Table 1 may be used to determine the number of gallons of

water necessary to condense the exhaust steam.

Table 2 may be used to determine the additional work that can be done

by the engine with the condenser ; the change that may be made either
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in the boiler pressure or the cut-off, and the engine continue to do the

same work with that it did without the condenser.

The tables should be used only when it is impossible to have the advice

and skill of a competent engineer.

table l.

Pressure per
Cut-off at M stroke. Cut-off at Yz stroke. Cut-off at M stroke.

Gallons of water to Gallons of water to Gallons of water to

boiler.
condense 1 lb. of condense 1 lb. of condense 1 lb. of

steam. steam. steam.

60 2.567 2.595 2.613
70 2.570 2.600 2.620
80 2.575 2.605 2.625
90 2.580 2.610 2.630
100 2.583 2.614 2.635

Table 2.

Pressure per gauge
in boiler.

Cut-off at M
stroke

.

Cut-off at %
stroke.

Cut-off at %
stroke.

60 -

"
(

80 {

A
B
C
A
B
C
A
B

i
g
A
B,
C

34
0.17
43
28
18
53
24
0.19

63
21
0.19
73
19
0.20
83

21
0.35
48
18
0.37

58
15
0.38

68
13
0.39
78
12
0.40

88

17
0.48

50
15
0.50

60
13
0.53

I

90 1

100 -j

70
11
0.54

80
10
0.56

90

A is the additional per cent, of work engine can do with the con-

denser.

B is the point to which the cut-off may be changed and the engine

continue to do the work with a condenser that it did without one.

C is the point to which the boiler pressure may be reduced and engine

continue to do the work with a condenser that it did without one.
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BOSTON SOCIETY OF CIVIL ENGINEERS.

December 19, 1888:—A regular meeting was held at the Society's rooms, Bos-
ton & Albany railroad station, Boston, at 19:30 o'clock, President FitzGerald
in the chair, fifty-three Members and eleven visitors present.

The record of the last meeting was read and approved.

Messrs. Henry F. Bryant, Levi G. Hawkes and George A. King were elected
Members of the Society.

The following were proposed for membership:

Arthur G. Fogg, Norwood, Mass., recommended by L. B. Bidwell and H. C.
Keith; Henry M. Howe, Boston, recommended by Albert H. Howland and H. A.
Carson; Walter H. Richards, New London, Conn., recommended by R. C. P.
Coggeshall and Dexter Brackett, and Walter S. Whiting, Cambridge, Mass., rec-

ommended by F. L. Libbey and F. P. Spalding.

On motion of Mr. Howe, the Secretary was instructed to convey to the Presi-

dent of the West End Street Railway and to the Sprague Electric Motor Com-
pany, the thanks of th9 Society for courtesies received this afternoon on the oc-

casion of the trip over the new electric railway line in Brookline and Brighton.

On motion of Mr. Tilden, it was voted that the President appoint a committee
to confer with other engineering or scientific societies in Boston to ascertain the
practicability of establishing a common headquarters.

The President has named as that committee Messrs. James A. Tilden, Thomas
Doane and Frederick Brooks.

Vice-President Stearns then assumed the chair, and called on Mr. John R.
Freeman, who read a very interesting paper on " Stadia Work."
Mr. Henry B. Wood described the work accomplished with the stadia on the

Mississippi River Survey.

Mr. Wm. E. McClintock compared the work of the plane table with that of the

stadia, strougly favoring the former, and the two methods were further dis-

cussed by Messrs. Adams, Allen, Burton, Cutter, Hale, Hodgdon and Smith.

[Adjourned.] S. E. Tinkham, Secretary.

ENGINEERS' CLUB OF ST. LOUIS.

December 5, 1888 :—297th Meeting.—The Annual Meeting was held at Wash-
ington University. President Holman called the meeting to order at 8.20 p. M.

,

there being thirty-two Members present. The minutes of the 296th meeting were
read and approved as corrected. The Executive Committee reported the meet-

ings of November 28 and December 5. The resignations of Henry B. Wood and
Jas. E. Mills in good standing were- announced. The Committee having approved

the applications for membership of Wm. F. Schaefer, Louis Simonds and H. D.

Wood, they were balloted for and elected. At this point the regular order was
suspended, and a Committee consisting of S. B. Russell, Robert Moore and R. E.

McMath was elected to submit late in the evening nominations for officers for the

coming year.
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The following applications for membership were announced : Fred. W. Abbot,

Draughtsman St. Louis Water-Works Extension; Endorsers, S. B. Russell and M,
L. Holman. Leroy Bartlett, Master Mechanic Missouri Pacific Railway; En-

dorsers, M. L. Holman and W. H. Bryan. Oscar W. Ferguson, City Sewer Engi-

neer; Endorsers, R. E. McMath and Wm. Wise. Abram N. Milner, Superintend-

ent Construction City Sewer Department; Endorsers, R. E. McMath and Wm.
Wise. Lemon Parker, with Parker- Russell Mining and Manufacturing Company;
Endorsers, Russell Parker andS. B. Russell. H. R. Stanford, Instructor at Man-
ual Training School; Endorsers, C. E. Jones and W. H. Bryan.

The annual reports were then read from the Executive Committee, Secretary,

Librarian and Treasurer, as follows :

REPORT OF EXECUTIVE COMMITTEE.

St. Louis, Mo., Dec. 5, 1888.
To the Engineers' Club of St. Louis ; -

Gentlemen : Tour Executive Committee takes pleasure, in submitting the fol-

lowing report : The past year has been one of increased prosperity. The com-
mittee has held 18 meetings, approved 17 papers for publication in the Journal,
received 27 applications for membership, recommended 25 of the applicants for

election, received four resignations, dropped four names and announced one

death. Forty bills have been approved for paj^ment, as follows :

For the Journal S493.25
Printing 112.20
Postage 31.85

Association of Engineering
Societies 21.00

Janitor 12.00

Index to library $35.06
Supper menu 10.00

" deficit 15.00

Total $732.30

Your Committee has recommended, and the Club approved, an allowance of

$100 per year for the Secretary's services.

treasurer's report .

Dec. 5, 1888.

The Engineers' Club of St. Lou is

:

Gentlemen: I have the honor to submit the following report:

To balance as per report Dec. 7, 1887 $418.24
" 1887, receipts on hand Dec. 7, 1887 185.00

" receipts issued for 1888 dues 652.00
" " " " new Members 259.00
Received from Banquet Committee ' 4.85
Rebate from R. R. Gazette 8.50
Assessment account 20th Anniversary Supper 15.00
Received from J. F. Porter 2.00

By vouchers paid $719.30
rebate on dues 35.50

" dues receipts cancelled by Ex. Com 54.00
on hand 136.00

" balance uncollected on account 20th Anniversary
Supper Asst 6.00

In Provident Bank 52.54
In St. Louis National Bank 510.80
Cash 30.45

$1,544.59

950.80

$593.79

Chas. W. Melcher, Treasurer.

secretary's report.
Your Secretary begs leave to submit the following report for the year past :

There have been 16 meetings, 14 regular and 2 social. The regular meetings
have all been held at Washington University. President Holman occupied the

chair at 14 meetings, Vice-President Meier at one, and Prof. Nipher at one. The
total number of recorded meetings is now 296. The average attendance at meet-

ings has been 28, an increase of 7 over last year and 9 over the year before. Total

attendance of visitors for the year was 50. Papers were read at all the regular

meetings. Those presenting papers were P. M. Bruner, I. A. Smith, C. H. Led-
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lie, F. E. Nipher, N. W. Eayrs, C. C. Brown, C. Gaylor, B. F. Crow, O. L. Peti-

tidier, H. B. Gale, R. Moore, S. F. Burnet, W. Beahan, S. B. Russell, E. D.
Meier, C. P. White, L. Stockett and R. E. McMath. In addition there was au
address by retiring President Potter. Twenty-six new Members have been elected;

of these 3 hare not yet qualified. There have been 4 resignations, 4 names dropped
and 1 death, Mr. Shickle. Our membership is now 150—104 resident, 45 non-
resident, 1 honorary. Respectfully,

Wji. H. Bryan, Secretary.

librarian's report.

St. Louis, Dec. 3, 1888.

The library of the Club has been increased during the past year by over one
hundred books and pamphlets, many of them of considerable value, which had
come into the possession of your Librarian in his capacity of Manager of the In-

dex Department of the Journal. Although this matter has been'set apart by the

Managers of the Journal as part compensation[for preparation of the Index Notes,

yet it was thought best to turn it over to the Club and so increase its usefulness.

The entire library has been catalogued by Mr. C. V. Mersereau, Member of

the Club, upon cards, not by titles of volumes but by subjects or topics con-

tained in them.

This has made it available for ready reference and has materially enhanced its

value. Since the catalogue was prepared, Mr. C. E. Jones has presented ten

bound volumes of the R. R. Gazette to the library.

Amongst other contributions, aside from the regular exchanges, may be men
tioned a copy of the report of the aqueduct commissioners of New York City.

In order to make our library more accessible to the Members, I would respect-

fully recommend that it be placed in the new Mercantile Library rooms, under

their care and supervision, but in such a way as to be accessible to the Members of

the Club. Some satisfactory arrangement could probably be made to that effect.

By the Constitution of this Club, the Librarian is also the representative of the

Club on the Board of Managers of the Journal of the Association. By the

rules of that Association, where any of the associated societies shall attain a mem-
bership of 150, it may have two representatives on the Board. Since the St. Louis

Club has now reached that limit, I would recommend that two names be proposed

this year in place of one in the annual election. The Boston and Western (Chicago)

societies already have two representatives each.

The Association is in a nourishing condition, there now being eight societies be-

longing, in place of four, the original number. Although the St. Louis Club has

never been the largest in numbers, it has contributed by far the most matter to

the Journal, and is coming to be known as the best working society in the coun-

try . The programme for the current year is an indication that it has certainly

not lost any of its wonted vigor. A membership in this Club is both an honor

and a favorable introduction into engineering circles the country over. Its

membership ought, however, to be largely increased, and could readily be with a

little judicious effort. Many engineers are so modest that they hesitate to request

a membership in a society, but prefer to be invited so to do. All worthy engi-

neers should be made to feel welcome to membership among us, and I believe a

little thoughtful hospitality, carried to the extent of sending such a person a blank

application alreadv signed by two Members, with a copy of the Constitution,

would usually be successful. Several hundred printed copies of the Constitution

and By-Laws are in the Library. Would it not be well to send each Member one

of these, and also one blank application, with a circular letter asking Members to

extend the hospitable invitation as above suggested to any worthy engineer of

their acquaintance in this locality ? There is no reason why the Club should go

begging for Members, but at the same time we should extend our field of useful,

ness as much as is compatible with our honorable standing and our working

efficiency. Respectfully submitted,

J. B. Johnson, Librarian.
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All were accepted, that of the Treasurer being referred to the Executive Com-

mittee to be audited.

Prof. J. R. Kinealy's paper on " Condensers for Steam Engines" was then read

by the Secretary. The resulting economy of fuel was explained ; also the prin-

cipal features of jet and surface condensers. By using condensers three results

could be attained : the work that an engine would do could be increased; or, if

doing the same work, either the initial pressure could be reduced ; or the point of

cut-off made earlier. Tables showing the results that might be expected at various

pressures and cut-offs were submitted

.

In the discussion Mr. Bryan called attention to the fact that the calculations

were based on a vacuum of only twenty inches, which was very low. Twenty-

six inches was good practice, and not uncommon, and still higher vacuums were

maintained under favorable conditions. He also stated that under certain condi-

ions a condenser might be of no benefit to an engine, particularly where it wa3

already underloaded. The condenser would produce a still earlier cut-off, and

greatly increase the cylinder condensation.

Prof. Gale showed that the particular type of engine under consideration, and

its characteristic indicator card, would affect the accuracy of the results given in

the paper.

Mr. Holman stated that in the practical operation of condensers many questions

arose which were not touched upon in the paper. The air pumps were usually

too large—not always a bad feature, however. Air pockets frequently caused

trouble. The latest practice is to use two pumps, one for removing the air from

the top of condenser and the other to handle water only. He called attention to

the practice of putting a surface condenser in the discharge main from pumping
engines. In addition to leakage some of the condensed water must be wasted, on

account of grease from the cylinder lubrication. At the St. Louis Water-Works
the temperature of hot well ran from 100 to 110 degrees Pah.

Mr. Chaphe stated that the water-works engines worked ordinarily with a

vacuum of twenty-six inches, which in cold weather could be increased to twenty-

eight.

Mr. Wheeler stated that the purer feed-water resulting from the use of surface-

condensers secured better evaporation from the boilers.

Colonel Meier replied that pure water was not always considered desirable, as

several cases of pitting of material had been attributed to this cause. It had not

been shown, however, that the result might not have been due to something else

Mr. Holman stated that water thus used repeatedly might become superheated.

Professor Gale thought pitting of boilers was usually traceable to the quality cf

oil used.

The committee on nomination of officers then submitted the following report :

President, E. D. Meier; Vice-President, F. E. Nipher; Secretary and Librarian,

W. H. Bryan ; Treasurer, C. W. Melcher ; Directors, M. L. Holman and J. A,
Seddon; Member Board of Managers, J. B. Johnson.

This report was accepted and the Committee discharged.

In the general discussion Mr. Bartlett stated that he was investigating the

effect of jets of steam and air as used under the Olive street cable boilers. So far

he had heard of no injury, even after some years of service. Robert Moore stated

that the removal of the smoke nuisance would cost steam users something, and a
smoke ordinance to be of any effect must be backed by a strong public sentiment.

The ordinance should declare the emission of dense black smoke from factory

chimneys a nuisance.

Mr. Holman stated that where boilers were already overworked smoke was una-
voidable, and it was cot always possible to make the required increase of plant.

At the water works, with a stack 140 feet high, it was necessary to burn twenty-
four pounds of coal per square foot of grate per hour. He had found steam injur-

ious to brick work of smoke flues.
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Mr. McMath stated that a great deal of steam was discharged into sewers, and
they were subject to decay. How much of this was due to steam he was not pre-

paid to state.

[Adjourned.'] W. H. Bryan, Secretary

MINNEAPOLIS SOCIETY OF CIVIL ENGINEERS.

August 7, 188S:—A regular meeting was held at the Board of Education
rooms, at 8 P. M., Vice-President Sublette in the chair.

In the absence of the Secretaries, the reading of the minutes of the last meetiDg
was dispensed with.

On motion of Mr. Redfield the report of the Committee on Delinquent Dues was
laii over until the next meeting.

Mr. Cappelen read a paper on il Bridge Foundation," to be continued at the

next meeting.

The Society gave a vote of thanks to Mr. Cappelen.

[Adjourned.] Geo. E. Cbaky, Secretary pro tern.

September 5, 1888:—A regular meeting was held at the Board of Education

rooms, at 7:30 p. m., President Pike in the chair.

In absence of the secretaries Geo. E. Crary was appointed Secretaiy pro tern.

The minutes of the previous meeting were dispensed with.

Mr. Huntiess asked instructions as to the disposal of money received, of which

$75 was ordered paid and sent to the Journal of the Association of Engi-

neering Societies.

The Secretary was instructed to open correspondence with members of the Club

as to their wishes in regard to taking the Journal of the Association, and to

notify said Members that no answer would be considered as a negative. The
Secretary was also instructed to correspond with the Secretary of the Board of

said Association as to the number required to be taken by this Society.

The Club then listened to the continuation of Mr. Cappelen's paper on " Bridge

Foundation."

Voted that Mr. Fanning"s paper be printed in the Journal.
[Adjourned.] George E. Crary,

Secretary pro tempore.

November 31, 1888 :—Regular meeting at the Board of Education room, 7:30

p.m., to consider questions of vital interest to the Society.

President W . A. Pike in the chair.

Minutes of the last two meetings were read and approved.

Mr. W. W. Redfield moved that Secretary notify all members that if they

wish to take the Association Journal they shall be required to pay to the Secre-

tary the subscription price in advance, and that the Journal be discontinued to

all other members.

"V oted that the Secretary notify all members delinquent six months or more,

that if their dues are not paid on or before Jan. 1, 1889, their names will be

stricken from the rolls.

Mr. Hoog offered an amendment to Article 13 of By-Laws, "That the initiation

fees of this Society shall be ten dollars, and that the annual dues of each Member
shall be five dollars." Laid over until next meeting. Also an amendment to

Article 1 of By-Laws that the meetings ot the Society shall be held on the first

Wednesday of each month.

On motion Mr. Handy's resignation was accepted, and Mr. W. A. Pike was
elected to fill Mr. Handy's place on the Entertainment Committee. Moved that
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the Librarian correspond with Secretary John Bogart, of the American Society

of Civil Engineers, asking for reports already promised.

Moved that Entertainment Committe be requested to prepare a programme for

the first quarter of 1S89, and that the programme be made a part of the notice of

meetings.

[Adjourned.] Walter S. Pardee, Secretary.

December 5, 1888:—Regular meeting at Board of Education Rooms, eight

p. M., Win. De Le Barr, President pro tern.

Minutes of last meeting were read and approved.

Moved to consider the amendments read at last meeting.

Moved to adopt amendment to Article 12 of By-laws. Lost.

Moved to adopt amendment to Article 1st of By-laws, "That the meetings of the

Society shall be held on the first Wednesday of each month." Carried.

Mr. Huntress read an amendment to Article 12 of the By-Laws : ''That the initia-

tion fte shall be ten dollars, and this shall accompany every name at the time it is

sent to the Committee on Members. The annual dues shall be five dollars, pay-

able semi-annually at the first regular meeting in January and July; and a Mem-
ber elected in one half-year shall not be responsible for semi-annual dues until the

beginning of the next consecutive half-year."

The Society then listened to the reading of a paper by Wm. De Le Barr, on the

methods of compressing brass for shipping purposes. Voted that the paper be
printed in the Association Journal.
Mr. De Le Barr described also an ingenious device for boltiug flour.

Thanks were voted to Mr. De Le Barr.

[Adjourned.] Walter S. Pardee, Secretary.

CIVIL ENGINEERS' SOCIETY OF ST. PAUL.

November 5, 1888:—The President beiDg absent, Mr. J. L. Gillespie was;

chosen Chairman for the evening.

The name of Mr. S. F. Adams was proposed for membership by Mr. H. N. El-

mer. The report of the Secretary was received upon the matter of the standard

form of contract for buildings as proposed by the National Association of Build-

ers, and an informal communication from the Vice-President of the said Associ-

ation recommending the members to use the form of contract in any work they

might let to which it was applicable.

Mr. J. D. Estabrook read a paper upon the Artesian Wells of St. Paul and
vicinity, and presented some blue prints showing the location and a profile giving

depth, elevation of the ground surface, height of water and some information re-

lating to the strata passed through. Beneath the drift are found varying layers

of limestone and sandstone. The wells vary from 200 to 1,600 feet in depth, and
but few are flowing wells. The larger portion require the water to be pumped. This

is a subject of local interest, as the Board of Park Commissioners have under con -

sideration a plan to supply Como Park (200 acres) and Como Lake, 80 acres, by
water from an artesian well to be sunk in the park, no other supply been available.

[Adjourned.] Geo. L. Wilson, Secretary.

December 3, 1888:—The monthly meeting was held in the Rynn Hotel, L. W.
Rundlett Chairman in the absence of the President, 18 Members 1 visitor pres-

ent.

The application of E. E. Woodman for membership was received.

The paper of the evening was read by Mr. S. D. Mason upon the " History of a
High Viaduct " built in 1883-4 by the Northern Pacific Ry. over Mount Gulch.

The height of the viaduct at the centre is 216 feet. The timber was cut and sawed



52 ASSOCIATION OF ENGINEERING SOCIETIES.

near the spot. The iron and supplies brought were hauled 80 miles. In 1885,
after the road was in operation, the wooden viaduct was replaced with an iron via"

duct from designs by Geo. S. Morison, C. E.

Mr. Masons paper was illustrated by photographs of the wooden and of the
iron structure and prints of the working drawings of the two structures. After
discussion the meeting adjourned to the hotel cafe for a lunch and an hour of

social intercourse. Geo. L. Wilson, Sec'y.

ENGINEERS' CLUB OF KANSAS CITY.

December 3, 1888 :—A regular meeting was held in the club room, at 8 p. m.,

G. W. Pearsons in the chair.

There were present six Members and three visitors.

Minutes of the previous regular meeting and the meetiug of the Executive Com-
mittee were read and approved.

The Secretary mentioned the following received for the library: The Technic,

Transactions Amarican Society of Civil Engineers, Transactions Engineers'

Society of Western Pennsylvania.

Mr. Clarence A. Burton read a paper on "The Steam Engine; its Beginning.

Growth, and Place in the Industries of To-day," which was discussed by Messrs..

Pearsons and Wynne.
The paper on "Shrinkage of Material" was postponed on account of the late-

ness of the hour

.

Frederick C. Gunn was proposed as Associate Member by E. I. Farnswoith and
W. B. Knight.

[Adjourned.] Kenneth Allen, Secretary.

December 5, 1888:—The Annual Meeting was held in the club-room at 8
P. m., President Wm. B. Knight in the Chair. There were present 14 Members
and 2 visitors.

Reports for the pist year were presented; for the Executive Committee by the

President, by tbe Secretary and Librarian, by the Treasurer; and for the Com-
mittee on Bridge Reform by W. H. Breithaupt.

On motion of Mr. Breithaupt, it was voted to instruct the Executive Committee

to expend about 840 in subscriptions to leading engineering journals.

Nominations of officers for 1889 were made as follows:

For President, 0. B. Gunn, J. A. L. Waddell.

Vice-President, W. H. Breithaupt, John Donnelly.

First Director, T. F. Wynne, W. Kiersted.
' Second Director, S. H. Yonge, C. A. Burton.

Secretary, Kenneth Allen, A. J. Mason.

Treasurer, F. W. Tuttle, V. M. Witmer.

Librarian, C. E. Taylor, Frank Allen.

Mr. Burton presented the Club with two photographs of a miniature Corliss

engine constructed by him.

[Adjourned.] Kenneth Allen, Secy.

report of committee on bridge reform.

Your Committee is glad to report that the question of bridge reform has, since

its bringing forward by this Club, received a great deal of attention by the vari-

ous local engineers' societies throughout the country.

To the invitation to co-operate, issued by this Society last May, there has been a

general response. The correspondence from other societies has been referred to your
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Committee. From the interest shown, and the action taken in the matter by the

various societies, we feel confident in the hope that general better bridge practice

will result. The Western Society of Engineers, the Engineers' Club of St. Louis,

the Engineers' Club of Cincinnati, the Engineers" Club of Philadelphia, the Boston

Society of Civil Engineers, and the Engineers' Club of St. Paul have appointed

special committees on bridge reform. The Indiana Society of Civil Engineeis and
Surveyors, and the Engineers' Association of Kansas have had discussions on the

question. All of these societies recognize the urgent need of a reform of some

shape, and the prevalent opinion is that such reform should be effected by legisla-

tion.

The Committee of the Western Society of Engineers recommends appointment

of a State engineer, his duty to be to examine and report on existing bridges, and
who should have authority to condemn ; that cities and counties be encouraged to

employ bridge specialists, and that engineers agree upon a scale of minimum rates

for value of their services.

The Committee of the Cincinnati Club thinks that the law to regulate bridge

practice should be uniform for all States. It should specify: complete registration

and filing of plans of all bridges within a certain time ; that the governor of the

State should be empowered to require proper plans for new bridges and hav 6
appointment cf State engineer, who should be responsible directly to him;

that all dangerous bridges should be publicly condemned by the State ; that

bridge owners should be held accountable to the State for failure of their struc-

tures; that the State bridge engineer should thoroughly check pJansof and inspect

all bridges, and that he should act as advisor to the governor and legislature in all

matters relating to laws, regulations and public use of bridges in the State ; that

owners should be heavily fined for bridge failures or ior any non-compliance with

bridge laws, and should be prosecuted by the State for manslaughter in case loss

of life should result from a bridge failure.

The Committee of the Boston Society is of the opinion that the Society should

proceed very cautiously in the matter of recommending any legislative action

which would result in State inspection of highway bridges, as it does not yet

appear certain that this method in itself would secure the building of proper

structures. That establishment of rates for the professional services of engineers

is not to be recommended. That the Society take appropriate action on the sub-

ject, and further consider, through a committee, what legislation or other action

would be advisable, and to what extent it would be practicable to co-operate with
other societies.

The St. Paul, St. Louis and Philadelphia societies have not yet formally re-

ported any action to us, further than the appointment of special committees.

In preparing a draft for a suitable State bridge law your Committee profited by
the suggestions from the other societies. This draft was read at the regular No-
vember meeting of the Club. Since then we have been favored with tha opinion of

Mr. Henry Smith, of this city, for a number of years a State legislator. At an in-

formal conference in Chicago last week, at which were present a number of the

Chicago committee, one of the St. Haul committee and two of your committee,

our draft was also fully gone over and discussed. On the whole we find a num-
ber of modifications in our original draft desirable. These being such, your com-
mittee would recommend that the said draft of State bridge law be printed, circu-

lated to the other engineering societies with request for their comments thereon, and
the draft finally modified, if it is desirab'.e, as early in January as possible, as it is

thought best to have it in shape by that time for presentation to the State Legis-

lature.

O. Chanute.
Committee. 1. J. A. L. Waddell.

W. H. Breithaupt.
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ANNUAL REPORT OF THE SECRETARY AND LIBRARIAN FOR THE YEAR 1888.

I have the honor to present to you the following report for the year ending De-
cember 5, 1888

.

At the annual meeting held January 9, the following officers were elected:

President—Wm. B. Knight.

Vice-President—Octave Chanute.

Directors—T. F. "Wynne and W. H. Breithaupt.

Secretary. Treasurer and Librarian—Kenneth Allen.

February 6th, on resignation of the latter as Treasurer, J. A. L. Waddell was
elected to that office, and it was voted to amend the Constitution by including the

Treasurer in the Executive Committee.

During the year there have been held :

One annual meeting. Ten regular meetings.

Three adjourned meetings. Twelve Executive Committee meetings.

The attendance at the regular and adjourned meetings has been :

Increase over 1887.
Members, total 169 47, or 38^ per cent." average ^ 13 2 " 18 "

Visitors, total 84 53
" average 6.5 3.5

Papers presented have been as follows :

Jaouary 9, Address by the President, 'Wm. B. Knight.

February 6. The Inspection of Iron Bridges and Viaducts, by B. L. Mar-
steller.

March 5, Engineers' Field Books, Edw. Butts.

April 2, Reform in Highway Bridge Building, J. A. L. Waddell.

Anril 16, Discussion of Highway Bridge Building.

May 7, A Talk on Asphalt Pavements, A. J.. Mason.

June 4, Crossing of the C, S. F. & C. over the M. P. and C. & A. Railroads,

near Rock Creek, W. H. Breithaupt.

June 18, Street Pavements of Kansas City, John Donnelly.

September 3, Flood Waves of the Missouri River, J. F. Wallace.

October 1, The Complete Sewerage of Kansas City, A. J. Mason.

November 5, Electric Railways, T. F. "Wynne.

November 19, The Present Status of the Electric Railway Problem, Welling-

ton Adams, M. D.

December 3, The Steam Engine ; Its Beginning, Growth, and Place in the In-

dustries of To-day, C. A. Burton.

In addition to the meetings, the Club held its annual supper January 9, at the

Brunswick Hotel, and July 28 an excursion over the K. C. W. & N. W. Ry. to

Leavenworth, attended by 27 Members and 42 guests.

Memorials were sent to our representatives at "Washington endorsing the

Breckeuridge Bill (by the Committee on National Public Works), and urging the

establishment of self registering rain gauges (by W. Kiersted). The passage of the

above bill was urged by the Club through Mr. Wm. B. Knight, who was sent by
the Club as delegate to Washington April 10.

The Committee on Highway Bridge Reform has in preparation a memorial to

present to the State Legislature. An active interest has been generally awakened
in this movement, as is shown by favorable action having been taken by the Phila-

delphia, Boston, Cincinnati, St. Louis, Chicago, Indiana and Kansas societies.

The question of inviting the American Society of Civil Engineers to visit Kan-
sas City at their next annual convention has been informally discussed, but as yet

no action has been taken.

There also lies before the Club the election of a Representative on the Board of

Managers Association Eng. Soc, the present Secretary having filled that position

provisionally since Mr. Chanute's absence in October.
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October 1st the Club took possession of their new quarters in the Y. M. C. A.

Building. The club-room is modest in size, but meets the requirements of a sit-

ting and reading room for the present, and at a moderate expense. Photographs

donated during th« year by Messrs. A. J. Tullock, W. D. Jenkins and W. H.

Breithaupt decorate the walls.

Membership.
Hon. Members. Assoc. Assoc. Mem.

December 19, 1887 45 1

Additions 22 7

67 8

Resignation 2 1

• 65 7

Dropped for non-payment of dues 3 1

62 6

It is noticeable that within the year the number of non-resident members has

increased from 6 to 22.

Several valuable additions have been made to the library, but it has been

thought best not to incur expense in purchasing books or periodicals, there-

fore it remains but a beginning, a nucleus ready for development. It is thought

th'? time has come when a moderate sum might be advantageously applied to the

subscription of several engineering magazines, and to the collection of books of

reference. The selection of these might properly be left to a Library Committee,

who could receive suggestions from Members as to what works would be most
acceptable, and then use their discretion in the disposal of such funds as might be

appropriated by the Executive Committee for such purposes. When it is once

realized by the Members that they can spend to their profit an occasional half

hour in the reading-room, I believe a decided point will be gained in usefulness

and prosperity of our Club.

During the year the following have been received for the library:

Transactions American Soc. C. E., 1888.

Transactions American Soc. Mecb. EDgrs., 1887 and 1888.

Transactions Engineers 1 CJub of Philadelphia, 1888.

Transactions Engineers' Soc. of Western Pa. , 1888.

Transactions Indiana Soc. of C. Es. and Surveyors, 1888.

Transactions Illinois Soc. of Engrs. and Surveyors, 1888.

Transactions Engineering Assc'n Lehigh Univ., 1888.

Transactions Engineering Soc. School of Practical Science, Toronto, 1888

Transactions Eagineering Society, University of Michigan, 1888.

Transactions National Association of Builders, 1888.

Journal of New England Water-Works Association, 1888.

The Electro Mechanic, 1888.

The Railway Review, sundry copies.

Theory and Practice of Surveying, by Prof. J. B. Johnson.

Engineers' Field Book, by Edw. Butts.

Official Railway List, 1888.

The Lakes and Gulf Waterway.
Respectfully submitted,-

Kenneth Allen, Secretary.

MONTANA SOCIETY OF CIVIL ENGINEERS.

December 15, 1888 :—The regular monthly meeting was held at the office of

Mr. E. H. Beckler, Chief Engineer M. C. Ry., at 8 p.m., Mr. Geo. O. Foss in the

chair. There were present Messrs. Foss, Smith, Cumming, Ellison, Wade,
Wheeler, Keerl and one visitor.

The minute3 of previous meeting were read and approved.
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The application of Mr. J. R. Dewitt to become a Member of this Society was

read arid ordered filed, and the Secretary instructed to issue the usual letter bal-

lots upon same.

Mr. G. E. Ingersoll was, upon motion, carried, unanimously re-elected a Charter

Member of this Society.

The consideration of the report of the Committee upon an overhead crossing for

the motor line at Sixth avenue and Main street, Helena, was taken up as un-

finished business. The report was discussed at length, in the course of which

several motions, amendments and substitutes were made and withdrawn, it being

the sense of the meeting that data of a more detailed character should be fur-

nished before the Society could properly frame a resolution upon»the subject.

Mr. A. E. Cumming, City Engineer of Helena, offered to furnish the Society

at the nest meeting with plans, profiles, etc., embodying all data affecting the

proposed overhead crossing, if the further consideration of the matter was de-

layed until that time. The offer of Mr. Cumming was accepted, and the subject

placed in the order of unfinished business for the nextjmeeting.

Discussion followed upon a programme for the annual meeting. It was moved
and carried that the Chair appoint a committee of three.to act as the Committee of

Arrangements for the annual meeting to be held January 19 next, and that they

make a preliminary report of programme at an adjourned meeting. The Chair

announced as such committee Messrs. J. S. Keerl, A. E. Cumming and John
Herron.
Meeting adjourned to December 22 next to consider report of said Committee.

J. S. Kefrl,, Secretary.

December 22, 1888:—An adjourned meeting was held at 8 ?. M., at the office

of Mr. Beckler, Chief Engineer M. C. Ry., Mr. W. W. de Lacy in the chair.

Minutes of previous meeting were read and approved.

The application of Mr. C. S. Haire to become a Member of the Society was
read and ordered filed, and letter ballots ordered issued upon same.

The Committee of Arrangements for the Annual Meeting made the following

verbal report:

Regular meeting to be held January 19 next at 7:30 p. M. at the office of

Mr. E. H. Beckler, Chief Engineer M. C. Ry., for the transaction of general
business, election of Officers and Members under ballot. It being suggested that

this meeting dispose of all routine business, that the more interesting features

of the Annual Meeting to occur at Butte may be thus relieved and given sufficient

time for their accomplishment.

The regular meeting to be adjourned to January 21, at 8:15 A. M., to meet at
Montana Central Railway depot to take train for Butte.

From time of arriving at Butte, examinations of mines and other matters of

engineering interest to be made until evening, when Officers will be installed, pro"
fessional papers read and discussed, etc.

Later in the evening the Aunual Banquet of the Society to take place,

The Committee request that E. H. Wilson and A. B. Knight of Butte be added
to their number.

On motion, carried, the report was approved and Messrs. Wilson and Knight
added to the committee.

The Committee of Arrangements discussed at length with Members certain de-
tails incident to the Annual Meeting.

Meeting adjourned to January 19 next, at 7:30 p. m , to meet at same place,

J. S. Keerl, Secretary.
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THE WEST POINT TUNNEL.

By Wm. H. Searles, Member of the Civil Engineers' Club of Cleveland,
[Read August 14, 1888.]

The United States Military Post of West Point is located upon a nearly

level plateau on the west bank of the Hudson River and at an elevation of

about 160 feet above tide. The plateau occupies a nearly rectangular

promontory jutting diagonally into the river, and commanding the

stream both above and below the point. The shore is generally rocky

and precipitous.

In the early surveys for a railroad on the west side of the river, the

line was projected to follow the shore around the point, involving a

large amount of curvature with short radii, but this line was abandoned
before construction began in favor of the more direct tunnel route.

The road as constructed comes from the south, clinging to the rocky
shore upon a ledge blasted out to receive it, and then, after following an
embankment in the river for a quarter of a mile, enters the tunnel upon
a four degree curve, which extends about 600 feet beyond the portal.

The remainder of the tunnel is on a tangent, the total length between
portals being 2,664 feet. The south approach is 148 feet long, and the
north approach 184 feet. The road emerges at the north end, directly

upon the great bend of the river, formerly known as West Point bay,

but which is now solid ground west of the railroad embankment.
Relatively to the military post the tunnel passes under the riding-hall,

the library, the chapel, the parade-ground, the circular depression known
as execution hollow, the ordnance yard and the gas works.

The tunnel was located by the writer in March, 1872, under the disad-

vantages of high winds, low temperature (six to twelve degrees), and
drifting snow. The precipitous character of the approaches, the presence
of the river at each end of the tunnel, and the obstruction to sight and
measurement offered by several large buildings on the line, necessitated

great care and patience on the part of the corps to secure trustworthy
results. The instruments were an ordinary railroad transit and level,

and New York rod, steel tapes adjustable for temperature, and flat-faced

flags, with a spirit leval attached to each. The latter were used for
plumbing in connection with the measurements, as a plumb line would
have been useless in such windy weather. Every point of measurement
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was defined either by a tack in a wooden hub, or by a mark on an iron

plug driven into a drilled hole in the rock. All horizontal measurements
were noted to one hundredth of a foot, and the angles were read by esti-

mation to ten seconds. The tunnel tangent was referenced by a natural

object sharply defined on the mountain across the river to the south-

ward, and by an iron bolt on the shore across the day to the northwards
During the following summer the field work of the tunnel was carefully

verified and was found to be accurate in every respect. Even on the

curve, one end of which was 160 feet higher than the other, the deflec-

tions struck the same centres, and the chaining came out on the final

point to the identical one hundredth of a foot. Nor did this remarkable
result appear to be due to any compensation of errors of appreciable

magnitude. There was a slight discrepancy in the test levels, such as

might be expected.

The contract for the tunnel and approaches was awarded to Sidney

Dillon at ten dollars for rock in tunnel and one dollar and seventy-five

cents for rock in approaches. The first blast was fired at the south ap-

proach on June 10, 1872, and work began at the north end ten days later.

Several Burleigh steam drills were used, working ten hours per day^

On the 18th of the followicg September Mr. Dillon gave up the contract

by arrangement with the company, and a new contract was immediately

made with E. Sweet & Co. to continue the work with the same men and
tools. The excavation proceeded without interruption.

The south heading was started on November 1, and the north heading
on December 6, 1872. Shortly after this the steam drills were discarded

and hand drills substituted, working only one shift of ten hours per day.

There was, of course, no engineering reason for this, the object being to

secure continuous operation at the least expense pending the sale of the

bonds in Europe. No other portion of the road was under contract at

this time. Thus the work dragged along all winter, as indicated on the

progress profile, until by the 1st of May, 1873, the south heading had 86

feet to show for five months' work, and the north heading only 53 feet

for four months. At this time work was abandoned by the company
and the engineers discharged, but the contractor continued the tunnel

excavation at his own expense and without engineering direction until

the next September, when the panic of the memorable " Black Friday"

put a stop to all operations. The progress from May 1 to September was
110 feet at the south end and 126 feet at the north end ; but the bench

was taken out also, finishing the tunnel full size to within about 30 feet

of the heading.

This work was not measured up until August 1, 1880, after an interval

of nearly seven years. At this time the same firm resumed operations, hav-

ing made a favorable contract with the new railroad company after receiv-

ing compensation for the old work done. The instrumental examination

of the tunnel showed that it conformed tolerably well to line and grade.

The work, so far, was all in solid granite, quite dry at the south end and

with but a slight dripping at the north end. The old monuments of the

line at each end were readily found, though covered with debris, and

the tunnel lines were carried forward from them without any further

verification.
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The theoretical section of tunnel as now adopted was 27 feet wide be-

tween vertical sides, by 20 feet 6 inches high at the crown above sub-

grade, and the floor was depressed 6 inches below sub^rade along the

centre line for drainage. The theoretical roof was a semi-ellipse, with a

rise of 9 i'eet. There was a rising grade of 0.10 per 100 from the north

end and of 0.20 per 100 from the south end.

The work was now prosecuted with great vigor. An engine and boiler

house was erected on made ground (for want of any better place) near the

river at the north end. An air compressor of 150 horsepower was put in

and set in operation by August 1, 1880. The compressed air was con-

ducted from the receiver by 4-inch pipes to either end of the tunnel.

Ingersoll drills were employed, and the headings were illuminated by

electric lights. Two shifts of ten hours each per day were adopted. The

headings were continued at the roof, and were made as wide as the tun?

nel limited by the arch form of the roof. The enlargement to grade iol-

lowed about 30 feet behind the heading. A track was laid at each end,

and the broken rock was hauled away in dump cars by mules to the em»

bankments in the river.

A peculiar hoist, worked by compressed air, was invented by Mr.

Sweet, and placed in the south working to load the large fragments of

rock into cars. It stood on the centre line, leaving space for a car-track

on each side. It had sufficient power to lift the largest pieces, but drew
so heavily on the supply of compressed air as to interfere with tbe drills

ing, and on the whole it did not prove economical, requiring as much air

to lift a small fragment as a large one. After a few weeks' trial it was
withdrawn, and an ordinary derrick substituted.

During the winter the compressed air passing through the long pipe

to the south end became so cold as to clog up the exhaust of the drills

with ice and prevent their working. A heating chamber of iron, sup-

plied with a few coils of pipe, and heated by fire at the bottom like an
upright boiler, was placed in the tunnel and the air made to pass through

it on its way to the drills. This not only put an end to the ice on the

on the drills, but also perceptibly increased the mechanical effect in their

working at a trifling cost for fuel.

In the early operations of 1872-3 only nitro-glycerine was used, but

after resumption of work in 1880, the safer form of giant powder was
employed for blasting purposes.

During tbe first two months the progress was slow, owing to various

unavoidable hindrances within and without the tunnel, but after

October 1 the progress in the south working averaged 119.3 feet per

month for ten consecutive months, the maximum monthly advance be-

ing 142 feet in February, 1881. Could the same rate have been main-
tained at the north heading the tunnel would have been completed by
August, but such was not the cae e. The material from the south end
onward was solid granite with a few seams, and no water of any con-

sequence. The north heading showed the rock more seamy and somer
times shattered and wet. It was necessary to take down a large extra

amount of rock to make the roof safe. However, nearly the same pro?

gress was made here as at the south heading until October 13, 1880,

when a wet spot in the roof at Station 73. « lac!) had been discharging
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water and mud for several days, but which had been carefully propped
With heavy timbers and was supposed to be safe, suddenly gave way,
leaving a ragged hole some 8 feet in diameter, through which poured

down a torrent of saturated sand and gravel, which only ceased when
the tunnel was filled to the roof at this spot, the slope of gravel reach-

ing nearly to the entrance, 280 feet away, The heading was about 25

feet in advance of the break in the roof, but fortunately no men were
there, all having just gone out to dinner, when the accident occurred.

The flow of material into the tunnel caused the grassy surface. 85 feet

above the roof, to cave in. A funnel-shaped hole, 50 feet in diameter

and 40 feet deep, developed just north of the ordnance yard, under-

mining a portion of the cut-stone wall and one corner of the labora-

tory. As the hole was forming a workman, stepping to the brink.

Was drawn in and sucked through the vortex into the tunnel, where
his remains were found unmutilated some days later. Even his dinner

pail was still in his hand.

The contractor began at once to excavate the loose material in the

tunnel, but no sooner was the vent freed than fresh torrents of wet
sand rushed down, filling the tunnel more completely than before, while

the funnel on top enlarged to 70 feet in diameter and 60 feet in depth.

The surface material was hard pan to a depth of 20 feet and prevented

the sides from caving in any further. Below this there was evidently

nothing but sand and water to within a few feet of the tunnel roof. To
choke- the hole in the roof large quantities of heavy timber and of tree

tops loaded with large stones were thrown in from above until the move-
ment of sand was arrested. The sides were then stayed with plank and
horizontal braces. At the same time a small timbered drift was worked
through the soft material in the tunnel, and after one month's labor the

original rock heading was again reached. The hole continued to dis-

charge a stream of water, and the roof was so weak as to require arching

for a length of 70 feet. A segmental brick arch of six rings was used,

resting on skew-backs cut in the native rock. The weakest part of the

roof was supported temporarily by heavy wooden " bars" and struts.

The bars were left in when the arch was built, and these caused the

arch to leak at the crown by detaining the water there, although abun-

dant " skuppers" were left for its discharge at the skew-backs.

The contractor afterward made an attempt to intercept this water by

drifting into the west side of the tunnel near grade, and after going 25

feet, turning twice to the left and returning toward the tunnel, the drift

being nearly as steep as a staircase, so as to pass over the arch. But
having reached a point over the west skew-back, and although still in

solid rock, he feared to carry on the drift toward the crown, and so failed

to stop the leak, although a large amount of water came down the "stair-

ease." The leak in the arch continues to this day. The drift was ex-

tended south over the skew-back line a short distance, but without ef-

fect.

Nearly four months time was lost by the accident described, so that by

the first of February, 1881, the total advance of the north heading had

been only 26 feet since October 1st, as against 480 feet in the south head-

ing during the same time. But now the roof became firm and excellent
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progress was made for several months, and it was confidently estimated

that the headings would meet in the following September.

About June 10, 1881, a drill working horizontally in the north heading

broke through into sand, the rock terminating with a steep face nearly

at right angles to the tunnel. The sand was not free from water. This

event made an entire change of operation necessary. The drills and
compressed air were withdrawn, and a plant prepared for tunneling in

sand. The south heading came up to the sand about the first of August.

There were then 365 feet remaining between the headings. The
first thing in order was to drive timbered headings to a meptmg point.

This proved to be very slow work at first. The transition from rock

to sand was accompanied with many difficulties and dangers. The
pressure in the sand was enormous, and many of the ' ; sets" showed dis-

tress and had to be doubled. Quicksand was encountered at the south

heading, and proved so troublesome that the drift had to be carried to

one side of the centre line to avoid the " pocket."

On the 19th of October, 1881, the headings metat station 71, or 982 feet

from the north end and 1,682 feet from the south end of the tunnel. This

drift was constructed several feet above the theoretical crown, so as to

leave room for timbering the tunnel above the arch. Owing to the diffi-

cu'.ty of transit work in the crooked drift the lines were three inches out

when they met in the heading, but all discrepancies disappeared when
the enlargement gave opportunity for a direct sight along the tangent.

The levels met with great accuracy.

When the sand was encountered it was supposed that side walls sup-

ported by an invert would be required. In order to drain the invert a

ditch three feet deep was blasted out of the floor of the tunnel, beginning

at the north approach and reaching nearly to the sand section. Then it

turned to the west and entered a drift that was made on the west side of

the tunnel and about 20 feet distant from the side, of the tunnel for

drainage. This drift was carried about 150 feet at 3 feet below grade,

and was in solid rock all the way, much to the surprise of every one. It

gathered a great deal of water, and drained the sand in the tunnel so as

to greatly facilitate the work of enlargement. When the sand was
reached at the south end a similar side drain was begun in the west wall

of the tunnel, but depending on hand drills only it progressed very slowly,

and was finally abandoned after reaching a length of 70 feet.

When the first sand in the tunnel was struck borings were ordered

from the surface to determine the question whether any more sand was
to be encountered. The borings were made by driving down gas-pipe,

washed out inside by Green's driven well process. These pipes pene-

trated to different depths before striking rock, as indicated on the profile,

but none of them came nearer than 40 feet of the tunnel roof. The pres-

ence of the second sand proved how deceptive any borings are which
are not carried down to the grade of the tunnel.

After the headings met as above described there was a delay of about

two months before the difficult work of enlargement proceeded ; mean-
time the drainage tunnels were prosecuted and materials collected for

arching. Fcur oaken logs, 2 feet in diameter and 20 feet long, were
used for roof bars at each end Qf the work, and smaller logs for side
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bars. A stout brattice retained the face of sand in place in the usual

manner. As soon as one length of roofing formed by the bars was in

place, a length or section of about 12 feet of brick arch was built under

it, and after the spaces between bars had been built up from the arch to

support the lagging boards, the roof bars were drawn forward, one by

one, by means of a strong chain and screw, to form the next section of

roofing, as in the most approved English practice. The spaces left by

the roof-bars were then filled in solid with brick and slate chips. This

work was carried on to completion without any serious break or mishap

under the immediate superintendence of Mr. William White, since de-

ceased, who also superintended the Musconetcong tunnel in 1872-3.

Contrary to all expectations, the sand through which the heading was

driven did not extend down to grade. A rock floor above grade was

found, obviating the necessity for an inverted arch. The side walls of

brick were founded on solid rock throughout, and in some places the

skew-back could be formed in the rock. The arch had a five centred

intrados, conforming nearly to the normal semi-ellipse of 9 X 27 feet.

It had a thickness of 9 rings at the springing lines, diminishing to 6

rings at the crown; it was built of hard-burned Haverstraw brick laid in

mortar of Norton's cement. The ribs for the centering were built up
of two thicknesses of two-mch oak plank in lengths or segments of four

feet, breaking joints, with quarter-inch iron plates covering the joints,

and four one-inch bolts passing through each plate. The segments were
carefully jointed to resist thrust. The chord of the rib consisted of two
plank3 two inches thick, eecured by bolts at the ends. The ribs had no
radial supports, and where the skew-backs would resist the thrust, the

chord pieces were omitted, giving an unobstructed, tunnel below the

rib. The ribs were spaced four feet apart, except at the end of a sec-

tion, where the spacing was two feet, to support the ends of the bars

during the construction of the following section. But in the heaviest

material a post was set under each drawing-bar, near the arch, as a

precaution against any possible deformation. Enough centering was
provided to serve two sections of the arch, and after the second was
completed the centering was taken from the first section and used

under the third, and so on. The brickwork was started at the north

end of the arch on November 25, 1881, and the first section of 12 feet

was finished on December 2. The masons then built a section at the

south end, while the miners prepared another section at the north end,

and so the two gangs worked alternately at either end. It was not till

the first week in November, 1882, that the closing section of the arch
was finished. The progress during the year is recorded on the profile

and also in the table appended.

Some trimming in rock work remained to be done, and the track to be
laid, and the West Point tunnel was finally completed in December,
1882, just ten years after its first inception, and two and a half years
after the resumption of work in 1880. Notwithstanding the difficulties en-
countered the work might have been done with more dispatch, especially

during the last year, had there been any necessity for it; but the road-bed
was not entirely finished elsewhere, and when the tunnel was open the
construction trains used it for some time to carry material southward to
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unfinished embankments. It was not until the following June (1883

that regular traffic began to move through the tunnel.

The funnel-shaped hole at the surface over the first break was mean-
while refilled with earth, which had to be hauled in wagons more than

a mile from the nearest available borrowing: place. After the material

had sufficiently settled to sustain a foundation, the stone wall and gov-

ernment building were restored to their original condition, and all traces

of the catastrophe removed.

Tunnel Progress in Earth Work.
{After completion of overhead drift.)

North End.

Time in days of 24 hours. Rate in lours per lin. foot.

Length
feet.

Date of com-
pletion.

Sec.

Excav. Mason-
Total. Excav. Mason-

Total.
ry. ry.

d. h. d. h. d. h.

I. 12.1

14.8
7

8
13.9
13.8

Dec. 2, 1881
II. 49 IS 12 58 6 80.7 94.5 Jan. 29, 1882
III. 11.2 32 • 7 8 11 40 18 69.2 18.1 87.3 March 10, "
IV. 12.6 32 9 8 1 40 10 63.7 15.3 79.0 April 20,
V. 11.8 20 2 6 17 26 19 48.5 13.6 62.1 May 7,

VI. 11.7 15 13 4 5 19 18 31.9 9.6 41.5 June 5,

VII. 12.4 11 13 3- 22 15 11 22.3 7.5 29.8 June 21,
VIII. 12.1 15 9 4 8 19 17 30.5 8.6 39.1 July 11,

IX. 12.5 11 14 3 13 15 3 22.2 6.8 29.0 July 26,

X. 12.5 13 2 3 7 16 9 25.1 6.3 31.4 Aug. 11,
XI. 12.2 11 18 2 8 14 2 23.1 4.6 27.7 Aug. 26,
XII. 12.2 11 14 4 15 14 22.8 7.9 30.7 Sept. 11,

XIII. 12.2 11 6 3 23 15 5 22.1 7.8 29.9 Sept. 26,
XIV. 12.3 10 14 3 17 14 7 20.7 7.2 27.9 Oct. 10,
XV. 11.5 9 13 4 2 13 15 19.9 8.1 28.0 Oct.. 24,
XVI. 11.0 9 18 3 7 13 1 21.4 7.2 28.6 Nov. 6,

195.1 266 2 79 <J 338 11 34.9 9.8 44.4

XVI. 10.8 9 11 3 4 12 15 21.0 7.4 28.4 Nov. 9, 1882

XV. 12.0 13 8 3 2 16 10 26.7 6.2 32.9 Oct. 30
XIV. 12.0 10 7 2 18 13 1 20.6 5.5 26.1 Oct. 14,

XIII. 12.4 11 12 3 4 14 16 22.3 6.0 28.3 Oct. 1,

XII. 12.0 9 5 3 3 12 8 18.4 6.3 24.7 Sept. 16,

XL 12.3 9 13 3 1!) 13 8 18.6 7.4 26.0 Sept. 4,

X. 12.4 9 16 4 (HI 13 16 18.7 7.7 26.4 Aug 21,

IX. 12.5 13 7 3 2(1 17 3 25.5 7.4 32.9 Aug. 8,

VIII. 12.3 13 7 2 17 16 25.9 5.3 31.2 July 22,

VII. 11.9 13 22 4 11 18 9 28.1 9.0 37.1 July 6,

VI. 12.6 17 3 3 11 20 14 32.6 6.6 39.2 June 17, "
V. 12.8 20 21 4 7 25 4 39.1 8.0 47.1 May 28,

IV. 11.6 33 14 6 11 40 1 69.5 13.4 82.9 May 2,

III. 12.1 25 17 4 42 9 50.0 34.0 84.0 March 23, "
II. 14.8 48 14 6 17 55 7 78.8 10.9 89.7 Feb. 9,

I. 11.8 11 22.6 Dec. 16, 1881

196.3 258 2l'83

1

4 331 1 33.7 10.2
j

43.1

South End.

Both ends combined. Ea. excav. Masonry. Mas; in earth.
Total length in feet 367.5 391.4 367.5
Total days of 24 hours 203.5 162.5 342.0
Average rate per day in feet 1.8 2.4 1.1

DISCUSSION.

Mr. B. F. Morse: Why did Mr. Dillon give up his contract?

Mr. W. K. Searles: One reason was that during the months of work in

these approaches he was losing money every month; besides he doubted
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TABLE SHOWING PROGRESS IN ROCK-HEADING FOLLOWED CLOSELY BY PULL
SECTION.

South End. North End.

Remaining
Distance,

Ft.

Date.

Station.
Rate.
Ft.

Total.
Ft. Station.

Rate.
Ft.

Total.
Ft.

Nov. 1,1872 54.18 80.82 2,664

May 1,1873 55.04 86 86 80.29 53 53 2,525

Sept. 1, 1873.... 56.16 112 198 79.02 127 180 2,286

Aug. 1, 1880.... 56.16 198 79.02 180 2,286

Sept. 10, 1880 . .

.

56.78 62 260 78.42 60 240 2,164

Oct 2,1880 57.22 44 304 78.00 42 282 2,078
Nov. 1,1380 58.23 101 405 78.00 282 1,977

Dec. 1,1880 59.47 124 529 78.00 282 1,853

Jan. 1, 18S1 60.79 132 661 78.00 282 1,721

Feb. 1. 1881 62.02 123 784 77.74 26 308 1,572

Mar. 1, 1881 63.44 142 926 77.02 72 380 1,358

Apr. 1,1881 64.84 140 1,066 75.65 137 517 1,081

May 1,1881.... 65.88 104 1,170 74.47 118 635 859
Junel, 1881. .. 67.00 112 1,282 73.20 127 762 620
July 1,1881..'.. 68.13 113 1,395 72.80 40 ' 802 467
Aug. 1, 1881, 69.15 102 1,497 72.80 802 365

the ability of the road to continue. No doubt he was correct, for you
must remember that the work ceased and was not recommenced for

seven years.

Mr. Aug. Mordecai: If you bad entirely missed " Execution Hollow"

do you suppose you would have struck that bank of earth in the tun-

nel?

Mr. Searles: Possibly not, though it is probable that a valley in the

rock formation filled with sand extends across any location that could

have been made. As shown on this plan, we were rather limited in the

position the tunnel could take. "We were necessarily close along shore

at the south end; to have carried the south portal further forward would
have increased our curvature very much, and to have gone further back

would have increased the length of the tunnel; so that risk was taken in

the first place. It was not supposed that at this depth we would meet
with any difficulty.

Mr. Mordecai: How wide is that hollow at right angles to the loca-

tion ?

Mr. Searles: It is about 200 feet. The hollow is nearly circular in plan.

Mr. M. E. Rawson : Did not "'Execution Hollow" have a solid rock

bottom ?

Mr. Searles: No ; when we drove the test pipes down they went down
pretty easily till we brought up on rock at various depths, as shown. I

imagine that the displacement is something in the nature of a valley.

The first break occurring under the ordnance yard was doubtless due to

a little valley in the rock running down toward the northeast. There was
an excellent spring of cold water near the shore originally. This spring

dried up when the water broke out in the tunnel. Probably when " Ex-
ecution Hollow" was formed originally the soft material found its way
out laterally so as to allow this displacement to be made at the surface.

Mr. Wbitelaw: What was the appearance of the rock at the bottom ?

Mr. Searles : It was all granite. I do not think that at any place we
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had to go below grade to get to foundation. This rock was eloping and
broken up just as the granite rock may be seen anywhere in that vicinity
I do not think that any place was found in the tunnel that could be said

to be a real water course. The drainage drifts took out the water and
left tho sand sufficiently dry, so that there was no great difficulty in

doing work in the soft material. The usual plan is to use bars of spruce
in a soft material, because they are so much lighter and yield some be-

fore breaking. Oak bars are usually considered too stiff, but in the fall

of the year, when this work began, it was impossible to get large bars of

spruce in time, so we were compelled to use oak. They served a good
purpose without ary failure, and when the two sections approached
each other and finally met, the bars were left in the work above the

arch.

Mr. Mordecai: What were your specifications in regard to taking the

material out beyond the normal section ?

Mr. Searles : It was to be paid for at the usual price for rock excava-
tion, $1.25.

Mr. Mordecai : The claims of the contractor for material taken outside

of the normal section seem to give a great deal of trouble. The contrac-

tors in the Croton Aqueduct tunnel have made very large claims.

Mr. Searles : The drill holes were arranged in the heading so as to just

about break out at the proper section. Sometimes the blast went a little

above and sometimes a little below. I remember one or two places in the

south heading and one in the north heading where the roof was enlarged

considerably to make it safe; but we had no difficulty in regard to the

contractor wishing to go outside of the lines. The price given was suf-

ficient to cover his expenses and give him a little profit, but it was not-

enough to make him wish to go far out of the way.
Mr. Mordecai : With a softer rock you might have found it a difficult

matter to keep the contractor within the lines.

Mr. Searles : We had no difficulty of that kind. The settlement with

him was always perfectly satisfactory.

Mr. Whitelaw : Speaking of the probability of that depression having
been a water course at some time reminds me that in building the old

lake tunnel we encountered a sudden change from what appeared to be

the glacial clay to a very soft clay, indicating that there had been a
channel there, and the change from hard clay carrying boulders to a

soft clay was abrupt.

Mr. Searles: I mentioned in the paper meeting a wall of rock. On run-

ning out of rock into sand, the rock was almost vertical and we sup-

posed it would go down indefinitely. Had we made a drift at the bottom

instead of the top of the tunnel section we should have found that we
were mistaken in that supposition.

Mr. Rawson : As I remember, you referred in your former paper to a

good deal of gratuitous work the company did for the government.

Mr. Searles : One item was the filling up of the bay. We were cam
pelled to fill up the entire bay with an embankment averaging about 15

feet in depth in lieu of paying any right of way. There are other items

of interest that I may not have mentioned. For instance, the damage
done to the post by the blasting operations. The shocks were felt all
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over the post. (Shows diagram of officer's quarters and barracks for the

cadets.) When we were finishing the south approach large pieces of

rock were frequently thrown up and one or two houses were struck.

This was afterward prevented by loading with timber. The shocks felt

from the blasting were particularly disagreeable in the astronomical de-

partment and the gas-works; but it was more an annoyance than any-

thing else. Very good nature was shown. The government had sanc-

tioned the work, and the officers submitted gracefully to the annoyance.

Mr. Rawson : Has any trouble been experienced in the settlement of

the arch ?

Mr. Searles : There has been no trouble as far as trains are concerned,

but the leak has always continued at Station 78. There was an active

leakage. I have understood that a portion of the arch has been con-

sidered hardly safe within the year. It is feared that the mortar may
have disintegrated somewhat by the action of the water, which is entire-

ly free from sediment.

"Mr. Whitelaw : Is it a double track tunnel ?

Mr. Searles : Yes, 26 feet wide. This section was originally intended

for a rock foundation section. Another section was designed and
.adopted in case an invert should be necessary, which was not used.

Mr. Mordecai : What is the distance to the roof from the top of the

rail?

Mr. Searles : Twenty and one-half feet less \\ would be 19 feet on the

• centre line.

Mr. Whitelaw : Is there any account of that tunneF in Drinker's

work ?

Mr. Searles : No account of it has ever been published. It has not

been noticed at all.

Mr. Rawson : Is this the only tunnel on the line?

Mr. Searles : There are three others. One at Haverstraw, 1,600 feet

long, is built with the same section as the West Point tunnel. It is in

solid rock, but shale instead of granite. Another tunnel is 800 feet long,

;at Newburgh—a tunnel in earth work, but without invert—the walls

have wide footings. The third is in solid rock near Little Falls.

LANDSCAPE ENGINEERING.

By John L. Culley, Member Engineers1 Club op Cleveland.

[Read February 14, 1888.]

The adornment of public aDd private grounds is what is known as

Landscape Treatment, Landscape Gardening or as Landscape Engineer-

ing, and is an art that seeks by the combination of the principles of nat-

ure and of art the production of the most beautiful landscape effects.

More than nature or art, it is their highest refinement.

Much has been written on this subject, yet its fundamental principles

are comparatively few. There are two recognized styles of treatment

—

the ancient or geometric, and the modern or natvral. Each style is

susceptible of a great variety of modifications, either as a distinctive

3tyle, or as combined, the one style more or less with the other.
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The oldest known systematic treatment of public and private grounds
is the geometric, hence its title to the ancient. It is authoritatively stated

that this style was used by the Egyptians more than three thousand years
ago. The famous hanging gardens of Babylon were undoubtedly of this

style. The sole style throughout Europe for many generations, its dis-

tinctive feature was the prevalence of geometric lines, and the regularity

of distances between objects, as walks, drives, plantation, etc. Being as

old as the art of house-building, the lines of which it was supposed to

reflect, and on account of its close alliance to architecture, it was some-
times known as architectural treatment. It is also true, that it was more
or less pretentious, according to the development of the national archi-

tecture. The lines of the walks and drives were either straight, curved,

or a combination of both. Its regularity gave it a mathematical pre-

cision void of natural selection, or of the impression of being the work of

chance. Thus an object is approached by a straight drive or walk with

rows of trees, etc., planted with great regularity, whilst the planting of

one side is exactly reproduced on the other. A central walk cuts the

garden, with cross walks at regular distances, whilst the formation of

sections on one side of the central walk is duplicated on the other.

This style when carried to the extreme becomes, from its monotonj^,

very tiresome,—a most serious objection, for the interest in a treatment

should never pall. Nothing could be more absurd than the perversion of

trees and shrubs, as is often done by clipping and otherwise, into un-

natural objects, as houses, lions, etc. It may, however, be used with

good effect in public squares and private grounds of limited dimensions,

especially so when modified by modern treatment.

The natural or modern style, aiming at the reproduction of the most
refined sentiment of natural scenery, imitates the agreeable forms of

Nature. Here pleasure grounds are laid out in flowing lines and forms,

surfaces are rounded out and are full, the walks and drives twist and
turn at almost every point, trees and shrubs are planted with great care

to avoid regularity, in fact, everything bears the impression of natural

selection. Hence in contradistinction to the regular geometric, this is

called the irregular style. It is also sometimes called the English style

of treatment. Mr. J. C. Loudon tells us that the agricultural lands of

England were earlier than any other European country inclosed with

hedges, producing an appearance resembling a country seat laid out in

the geometric style, and hence it was that the attempt to imitate the ir-

regularities of Nature in the adornment of pleasure grounds was made
in that country earlier than in any other part of the world.

To compare this style with the geometric it may be said that whilst the

geometric harmonizes with the forms of art, the natural imitates or as-

similates the forms of Nature, and is in contrast with architecture. The
geometric is perhaps more adapted to small surfaces, whilst the natural

is the only style that can with good effect be applied to larger ones. Fre-

quently the effect of natural is heightened by a sparing use of the geo-

metric. Thus in large estates the immediate neighborhood of the house

is sometimes treated with geometric flower-beds, terraced elevations,

etc., whilst the great expanse of the estate is laid out in the irregular

style.
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Even in a broad natural treatment a few well selected geometric

drives and walks can be employed with good effect.

It is interesting to note the origin of these two styles of treatment.

Thus when the world was one expanse of natural scenery man nat-

urally sought diversion in pleasure grounds planned after the architec-

ture of his age. But when the surface of the earth became covered

with rectangular fields, he found pleasure in natural adornment. Thus

to one, who has spent his life in untrammeled nature, the right lines of

cultivated lands give pleasure. The converse of this rule is equally

true. Hence it is that the treatment of pleasure grounds should not be

too natural, nor contain too many geometric lines. The treatment

should always possess certain salient qualities that please, interest,

instruct and charm the beholder.

The general effects of all styles are designated as the beautiful and
the picturesque, or by synonymous terms. The effect produced by flow-

ing outlines, softness of surfaces and by fully developed growths is

known as the beautiful. The picturesque is produced by spirited out-

lines, indicative of power, by wild or bold characters, and by broken
surfaces. In refined treatment the beautiful is supposed to predomi-

nate, whilst the picturesque gives it a charming variety.

Good taste dictates that the treatment should have: Unity in the

general plan, or a wholeness of production and balance of proportion

pleasing to the eye ; variety enough to arouse the curiosity, and give a
lively interest to every detail ; and harmony preventing discord, by
blending the unity of the whole with the variety of detail. Above all,

it should have an intelligent expression indicating a purpose for, or

meaning to, every embellishment; or, as Mr. Loudon expressed it, the

creations of this art are intended to please the mind through the eye,

and satisfy the reason, the essential qualities of the art being to create

and to please. Such in brief are the fundamental principles of landscape

treatment as laid down by the authorities.

William Kent, the father of the modern school, was the first to vindi-

cate the natural against the artificial, and banish the monstrosities of

clipped trees and shrubs, and of absurd conventionalities. It is related

of him that be even went so far as to introduce dead trees into his treat-

ment. Born in Yorkshire, England, in 1685, he lived until 1748. Kent
was followed by Humphrey Repton, 1753 to 1818, the author of "Hints
on Landscape Gardening" (1795), and of other professional works. The
two great authors, however, are J. C. Loudon, of England, 1783 to 1843,

and the American A. J. Downing, 1815 to 1852. Both were profuse

writers, each being the author of many valuable works. Loudon's
"Suburban Gardens " and Downing's " Landscape Gardening aDd Rural
Architecture " are each highly recommended. Kemp's " How to Lay
Out a Garden" and Scott's "Suburban Homes" are excellent works.
The dissertations of these authorities on architecture are, at the present

date, somewhat stale. It may also be remarked that their sweet
panegyrics on the beautiful in nature, are tiresome. Yet it is a fact

that scarcely anything has been added to the art of laying out a
landscape since the days of Downing and Loudon—so thoroughly and'
masterly did they treat this subject.
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All writers refer to landscape treatment as gardening, the garden be-

ing the whole subject treated, whilst within his province the professional

gardener was engineer, architect, planter and gardener. In these days

of modern division of labor, pretentious structures are consigned to the

professional architect, the planting to a skilled gardener, whilst the civil

engineer, by whatever name called, conducts the improvements in chief

—a knowledge of engineering being of the first importance in the con-

ception and execution of a landscape design of any magnitude. The
landscape engineer should have a sufficient knowledge of architecture to

know that the designs are in good taste; to design and execute the

lighter architectural parts, and to properly locate all structures. He
should also have a thorough knowledge of trees, shrubs and plants and

of the art of grouping them. The term gardening, as applied to this art,

should be regarded as obsolete. The better and more appropriate term

at the head of this article should be used in its place.

First in the practical application of this art comes the survey. As
upon the accuracy of the survey depends the degree of certainty and

rapidity with which the future plans can be reproduced on the ground,

it is important that close measurements be taken with a steel tape of all

objects and features that io any way will be useful in the study of the

landscape. Accuracy of measurement is of more importance than a record

of level contours. Frequently a successful treatment may be made with-

out a single elevation being taken. It is wise to measure carefully both

in plan and in elevation those parts requiring close study. Nothing,

however, could be more foolish, both as to the waste of time and of en-

ergy, than the practice, as it is sometimes pursued, of staking, measur-

ing and leveling cross-section squares of small dimensions, especially so

on perfectly level ground. Broken, irregular surfaces require careful

leveling, so that when platted you have its complete expression. Rather

than resort to small square cross-sections, it has been found more conven-

ient to select base lines from which at regular distances cross-sections are

taken at such points on the broken surfaces where elevations are desired,

whilst a convenient number of elevations are taken on the evener sur-

faces. It is only by accident in the regular square system that its points

coincide with elevations needed. Besides securing just the needed ele-

vations, the base lines on the plans become useful in reproducing the de-

sign upon the ground.

Upon a plan sufficiently large to show all the parts of the landscape is

worked out the style of treatment, the location of walks, drives, trees

and shrubs, buildings, and, in fact, everything pertaining to the execu-

tion of the design and of its elaboration. No attempt at execution

should be made until the plan has been thoroughly worked out and

definitely decided upon. Conveniently located base lines are then

drawn upon the plan, and the scaled distances of the lines of treatment

from these base lines, generally right-angled ordinates, measured. By
this method the lines of the plan are reproduced on the ground.

A short paper can, of course, cover only in a general way the varied

duties and requirements of a landscaper in the execution of a design.

The first thing that engages his attention is a proper system of deep

drainages, both for the convenience of animal life, the propagation of
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the vegetable, and for the protection of his creations. Then there is the

location and execution of drives and walks of proper grade and drain-

age. Road making- is a subject that demands close attention. Then
comes the formation of the surface into slopes, mounds, valleys, etc.;

the disposition of the earth, the soil, and of manures and fertilizers, and

the production of lawns from seed or from sod, as well as their care and
preservation. Works of art in good taste and of permanent character

require the display of no small amount of ingenuity. When, where and
how to plant tress, shrubs and flowers are interesting subjects. The
pleasing effect of a treatment is due more to the manner of grouping

trees and shrubs than to anything else. These and many other things

require much more notice than can now be given them.

Amongst the leading landscapers ot this country may be mentioned

Fred. Law Olmstead, R. Vaux and S. Parsons, of New York; Charles

Miller, of Philadelphia ; George H. Brown, of Washington, D. C. ; Joseph
Earnshaw. of Cincinnati, and E. W. Bowditch, of Boston; each of whom
has devised and executed most charming landscapes. Of the foreign

landscapers, Major Andre, of Paris, and M. Gibson, of England, seem
to be prominent.

This is, perhaps, the only branch of engineering devoted to the crea-^

tion of the beautiful. Useful results only are the objects of construction

in all other branches. This seeks the useful with a high regard for the

beautiful. To succeed in it the civil engineer should have a natural

aptitude for it. a familiarity with its literature and ail the latest processes

of landscape treatment, ornamentation and embellishment, and a thor-

ough mastery of that constructive art whose creation pleases the highest

qualities of the mind whilst satisfying our needs. To avoid costly ex-

periments, his creations should be seen as clearly in the imagination as

they afterwards appear in reality. He should have a knowledge of hor-

ticulture and of botany. His development will come with experience.

FARM POND CONDUIT—BOSTON WATER-WORKS.

By Henry H. Carter, Memeer of the Boston Society of Civil Engineers.
[Read October 17, 1888.]

Farm Pond Conduit, which forms part of the Sudbury River water-

works, was constructed for the purpose of conveying the water
from the storage reservoirs on tbe Sudbury River, across Farm Pond to

the main conduit leading to Chestnut Hill reservoir.

The original scheme of the Sudbury River works contemplated the

use of Farm Pond as an auxiliary storage reservoir, and the conduit from
Basin No. 1 (which is the lowest basin on the river) was only built as far

as the upper end of Farm Pond. The main conduit leading to Chest-

nut Hill was located at the other end of the pond, which thus actrd as a
storage and settling basin for the Sudbury River water.

The pond has an area of about 165 acres, and its ordinary level is

149.25 feet above B. W. W. base. It is situated in the village of

South Framingham, alongside the Boston & Albany Railroad, and in

close proximity to numerous manufactories and dwellings.
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In order to preserve the purity of the water in the pond and prevent
the entrance of objectionable drainage and surface water, it was orig-

inally proposed to divert the tributaries of the pond.

A ditch was constructed along the west and south shores, which in-

tercepted the drainage from cultivated fields in the vicinity and con-

veyed it into the Sudbury River below the water-works reservoirs.

A sewer was also projected to intercept the drainage from the east

side of the pond ; this sewer was never built, owing to difficulties in

securing a right of way. The sewage from a large straw shop and from
numerous dwellings was allowed to enter the pond and create a nuisance
in the vicinity of the gate house at the entrance of the main conduit.

For the first few years after the completion of the Sudbury River
works, it was believed that the water from the storage reservoirs was
purified by its passage through the pond ; the yellow color of the water,

which was noticeable in the reservoir, being lost after passing through
the pond.

The drainage and sewage from South Framingham, in the course of

time, however, commenced to have an injurious effect on the quality of

the water.

In October, 1881, the well-known cucumber taste appeared in the

water of the Sudbury River supply. The water in the upper reservoirs

was comparatively pure and free from taste, and the trouble was found

to originate in Farm Pond. In order to prevent the water in the reser-

voirs from being contaminated by mixing with the Farm Pond water,,

the pond was drained down to grade 140 and a temporary ditch was con-

structed around the shore, through which water from the reservoirs was
sent to the city.

This temporary ditch served for the short time that the pond water

was unfit to use; but as the trouble was liable to occur at any time, and
as the residents of the village objected to the lowering of the water in

the pond, it was determined to build a permanent masonry conduit con-

necting the inlet chamber with the gate chamber.

The distance between the upper and lower gate chamber was 3.760

feet. For a distance of 2,100 feet the conduit would naturally be located

on the shore of the pond ; for the remaining distance, however, it was
necessary to cross the pond, and the construction of a permanent con-

duit presented many difficulties. The water in the pond, as has been

previously mentioned, stands at grade 149.25. The bottom of the pond
(except where a small gravel island is situated) is about grade 140. The
bottom is composed of a very soft mud, varying in depth from 1 to 30

feet. Underlying this mud (where the mud was the deepest) was a

stratum of quicksand, in some cases 15 feet in depth. The general char-

acter of this mud and quicksand was such that a solid steel rod could be

worked down 55 feet in the deep holes with comparative ease. To obtain

a firm and unyielding foundation for the conduit under the circum-

stances required considerable study.

The plan finally adopted was to drive piles throughout the mud por-

tion of the pond, and to fill around the piles with gravel in such a man-
ner that the mud should be displaced by the gravel and the piles pre-

vented from moving laterally. The gravel was then excavated between
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the piles down to the proper grade, the piles sawed off and capped, a

timber platform placed on the capping, and the masonry structure builc

on the platform.

Soundings were made over that portion of the pond where the con-

duit would probably be located. These soundings showed the grade of

the top of the mud, and also the grade of the hard bottom under-

lying the mud. From the plan and cross sections thus obtained the

location of the conduit was determined. In order to take advantage of

the minimum depth of mud , the line of the conduit is curved through the

greater part of its length. A slight deviation from the located line in

several instances would make a difference of 10 feet in thickness of the

mud. Having determined the location of the conduit line through the

pond and the general character of the work, a contract was made in

November, 1883, to drive the piles and construct the timber trestle, from
which the gravel coulrl be dumped to displace the mud. The description

of the timber trestle is as follows : The bents are composed of ten piles

spaced 4 feet apart, capped by a spruce timber 10 inches square and 35

feet long, notched down 2 inches on each pile. On the caps are laid the

8 inch by 10-inch stringers, which form a support for railroad ties.

As the piles for the support of the trestle were ultimately to form the

foundation for the conduit, great care was exercised in driving them.

The inspector on the work kept a careful record of

1st. The number of the pile; so that it could be identified on the ground
and on the plan at any time.

2d. Its length.

3d. The grade at which it first met the mud.
4th. The grade at which hard bottom underlying the mud was

encountered.

5th. The grade of the bottom of the pile after it had been driven.

6th. Distance which the pile penetrated in the last three blows.

7th. Fall of hammer on last three blows.

The inspector was provided with a book, which showed the sound-

ings made every 25 feet along the centre line of the conduit ; also

soundings made right and left of the centre line on distances correspond-

ing to the outside piles. This record of soundings was of assistance in

determining the length of piles required in any particular location. No
trouble was apprehended in getting a sufficiently hard bottom to sustain

the weight of the superincumbent masonry, but fears were entertained

as to the ability of the piles to sustain a lateral thrust in the deep por-

tions of the pond, when the filling should be dumped in around them.
In order to resist this lateral pressure as much as possible, precautions
were taken to drive the piles as far as practicable into the so-called hard
bottom, even if hard strata shotild be encountered after driving through
the mud. In general the orders given to the inspector were to drive 12

feet into the hard bottom. In some cases it was found impossible to reach
this depth without shattering the piles, but the greater part of the piles

reached this depth.

The piles were driven by means of floating pile drivers supported on a
raft made of timbers and empty oil barrels. The location of the centre
line of the conduit, as has been previously mentioned, was determined
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from the plan which showed the relative depths of hard bottom as indi-

cated by the borings. These borings were made in winter on the ice

from a base line run out from the lower gate chamber. As this base

line could not be produced in summer, it was necessary to locate the

conduit line by triangulation from a traverse made around the shore of

the pond. Until a sufficient number of piles had been driven on which
to locate ranges it was necessary to depend on range sights located on
the shore, in some instances a quarter of a mile from the pile driver.

The location traverse was run with great accuracy, and when the piles

were all driven and the closing angles and distances could be measured,

it was found that the angles closed to a few seconds and the distance to

a few hundredths of a foot.

The soundings made on the conduit location gave an exact indication

of the character of the bottom. Any peculiarity in the driving of a pile

was referred immediately to the profile showing the strata. From the

knowledge of the strata through which the pile was being driven a study

could be made of the action of piles driven in quicksand, gravel, mud,
hard pan, etc.

Of the 3,750 piles driven, 318 were noted as driving very hard, that is,

a distance of from to 3 inches in the last three blows, w'th about 12 feet

fall of hammer; 950 were noted as driving hard, that is, a distance of

from 4 to 8 inches in the last three blows; 2.016 were noted as driving

medium, or a distance of from 9 to 12 inches in the last three blows, and
141 were noted as driving easy, or a distance of over 12 inches in the last

three blows.

Record sheets were made showing the number and location of every

pile, and by referring to the record book the exact history of the pile

could be determined. A reference to the boring sheets at the station

where the pile was located would indicate depth of water and mud and
character of strata through which the pile had passed. Considerable

difficulty was experienced by the contractor in procuring piles of the

required length ; and on several occasions work was suspended pending

the arrival of suitable piles. On April 9, five months after the driving

of the first pile, the contract was completed. In order to afford free

communication between the two sides of the pond two wooden
culverts were designed, and the necessary pile work and sheet piling

were performed under the first contract. Considerable difficulty was
experienced in finding a suitable location for the culverts. On one

hand, if the culverts were located on the gravel island it would be im-

possible to accurately drive the 4-inch tongued and grooved sheeting

into the hard gravel of which the island was composed. On the other

hand, if the culverts were located where there was a considerable depth

of mud and where a good job could be made of the driving, it was feared

that the unequal pressure caused by the gravel filling outside of the

culvert would destroy the culvert. The culverts were finally located

where a depth of about five feet of mud, underlaid by a bed of quick-

sand, was located, and no trouble was experienced in getting a tight job

on the sheet piling.

The average length of the 3,750 piles driven on the work was 37 feet :

112 piles over 50 feet long, and 827 over 45 feet long were driven.
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A careful record of the piles noted as driving easy was made, so that

if opportunity afforded, during the construction of the conduit, they

might be tested.

On referring to the boring sheet many piles, which were noted as driv-

ing over 12 or 15 inches in the last three blows, were found to have their

ends resting io quicksand, whereas a few feet more driving would have
brought them up solid in a gravel strata. All such cases were noted and
sheets prepared for the further driving of such piles as were marked
unsatisfactory.

Levels were taken on nails driven along the trestle, to see if the jar of

the gravel trains would settle the piles in the quicksand bottom. These

levels were taken periodically for about 6 months, but no settlement was
perceptible.

A detailed account was kept of the expense incurred by the contractor

in the prosecution of the work, and this expense was divided among the

separate items on which the bid was based, in order to see the profit or

loss on each item.

FILLING.

The original intention was to complete the whole conduit in two work-
ing seasons. On this account the contract for filling was let before the

trestle was completed, and filling was started from the completed por-

tion of the trestle on March 13, 1884. The gravel was transported from
a bank located about three-quarters of a mile from the middle of the

trestle, near the upper inlet chamber. The contractor's plant consisted

of a steam shovel, two locomotives and thirty dump cars. A double

line of railroad track was laid on the trestle on the ties which had been

placed under the previous contract. Fifty thousand cubic yards of

gravel were advertised for, and the contract was awarded at $0.47 per

cubic yard.

Tie amount of gravel that would be required to fill the pond was
necessarily a matter of guess work.

The extent to which the gravel would displace the mud in the deep

parts of the pond and the slopes which the gravel would take in the mud
were also matters of guess work. As some assumption had to be made
in order to get an approximate quantity, the following theoretical section

was adopted : The bank was taken as 10 feet wide at grade 153.5, with

2 to 1 slopes dowTn to grade 145. At this elevation a level berm 5 feet

wide was assumed, and then a 3 to 1 slope continued to grade 140, the top

of the mud. From grade 140 to Vd5. or in the first 5 feet of mud. the fill-

ing was assumed to take a 1\ to 1 slope, and then a 1 to 1 slope ths rest

of the way. This section gave as a result the quantity of 60.C00 cubic

yards as the amount to be deposited in the pond. As this result seemed

fxces-ive, it was deemed best to advertise for 50.000 cubic yards only, but

the first estimate proved nearer the truth, as 59,000 cubic yards were

actually deposited.

The linear distance of trestle to be filled was about 1,700 feet. Of this

amount 625 feet was a shallow fill in water averaging about five feet

deep and on a hard sand and gravel bottom. The manner of filling this

625 feet was immaterial, as there was no mud to displace, and the piles
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•were firmly driven into the sand and gravel and could not be moved
sideways.

The amount of gravel necessary to make the conduit embankment on

the hard and shallow bottom of the pond after the masonry was com-

pleted was calculated, and from the known capacity of the gravel cars

a sufficient number of cars were dumped each side of the trestle.

The muddy and deep portion of the pond presented greater difficulties,

and great precautions were taken to insure the successful filling in these

portions of the pond.

A line of board sights about 6 inches wide and 5 feet high was nailed

along the trestle. Tbe sights were placed 25 feet apart, painted alter-

nately black and white, and accurately set to line with a transit. As the

conduit line was curved, a broken line of sights was necessary in order

to allow of their being placed on the trestle. The points from which

observation on the sights were to be taken were located on the gravel

island, ard on the shore, where no movement of the trestle was possible.

By means of these sights the slightest movement could be detected by

the eye, and the dumping of gravel changed in accordance with the

warning given by the sights.

The inspector was furnished with a profile showing the elevation of

the top of tbe mud. and also of bard bottom. He also had a rolled cross

section sheet showing the cross section of the mud every 25 feet

;

these cross sections extended 60 feet right and left of the centre line,

which was as far as the filling was thought liable to extend.

As previously mentioned an assumed theoretical section of the way
the filling would displace th^ mud was drawn ; from the known quan-

tity of filling between each assumed 25-foot section and the known
capacity of the dump cars ; a schedule was drawn up showing the

number of times that a train should be dumped between given sections.

It would seem at first that a schedule of the number of train loads to

be dumped in a section whose contents had been determined from an
assumed position of the filling and mud would be very approximate.

The principal use, however, to be made of the schedule was to have a

record of just where the trains dumped, and to be able to compare the

actual with the theoretical amount.
For instance, suppose that the schedule required the train to dump 113

times on the left and 65 times on the right between station 27 -+- 50 and
27 — 75. If the gravel showed up above the water after 20 trains only

had been dumped on the right instead of the 113 called for, it showed
that the mud had not been displaced, and more material was dumped,
even if it involved shoveling it up on to a bank. In one

instance, beween stations 31 + and 31 + 25, the schedule

called for 146 dumps. After about 30 dumps the filling showed
above tbe water. Filling wTas continued until the gravel was about 6 feet

above the water. On the next dump a slide took place and the top of

the filling could just be touched with a 17-foot pole. These slides forced

up extensive islands of mud from 50 to 150 feet distant from the trestle-

On the completion of the work it was found that the actual number of

times the train dumped, closely corresponded with the schedule. From
station 26 to station 30 in the first deep hole, the average difference in
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the actual and scheduled dumps was about seven dumps. Considering

the fact that in some cases the scheduled amount was over one hundred
loads the correspondence is close.

The line of sights was of great assistance in keeping the trestle on line.

A heavy slide, such as the one mentioned above, would perhaps move
the trestle off line in that particular spot 6 or 7 inches. This movement
was instantly apparent by the bowed condition of the line of sights.

Notwithstanding the precaution and care taken in filling, a lateral

movement of the trestle took place. In the first deep hole between
Station 26 and Station 30 a gradual movement towards the northeast

occuned. This movement took place shortly after the first filling was
put in. The mud in this cove was considerably deeper on the north-

east side, and the filling evidently moved down hill, sliding along the

hard bottom. Although the filling was changed to the northeast side

of the trestle as soon as the movement was discovered, it proved to be

impossible to force the trestle back on to line. Observations with a

transit on the line of sight showed that the trestle slowly worked tow-

ards the northeast even after the filling was completed. The rate at

which the trestle moved decreased rapidly in the course of time, and
after fifteen months no further movement could be detected. The
maximum variance from the true line was seven inches in the middle
of the deep hole, running out to nothing on the end.

In the second hole it was found possible to move the trestle back and
forth in accordance with the method of filling.

When the filling was completed the trestle was nearly in its true po-

sition, and no further movement was detected during the fifteen months
that the observations were continued.

It should have been mentioned that almost all the filling was dumped
outside the trestle : that is, all the dump cars were placed so as to dump
away from the centre of the trestle. In this way it was believed that a

pocket of mud would be enclosed between the two heaps of filling ; this

pocket of mud could do no harm and filling would be saved. The double

piles on the outside of the trestle were so close together that they acted

like a retaining wall for some time. A tremendous pressure was exerted

against these piles, and before the completion of the filling some of them
had buckled to such an extent that it was feared they would give way.

Filling in the middle was resorted to at the worst places in crder to

make an earth brace to hold the piles apart. Temporary pile braces were
also wedged against the double piles to secure tbem.

The filling of the trestle was completed on June 11, 1884, 59,000 cubic

yards having been deposited in place. Throughout the following win-

ter borings were made through the gravel to determine the exact

position and slope assumed. After the completion of the filling.it was ob-

served that in the deep cove between station 26 and station 30, that

groups of ten or twelve piles in adjoining bents were actually settling

away from the caps. The cap would be held in its original position

perhaps, by two or three piles in the bent, and the remainder of the

piles in the bent dropped down by their own weight from one-quarter

to three-quarters of an inch. One pile in this locality slowly settled

away from the cap to the extent of 5 inches, drawing the iron bolt with
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it. These occurences gave cause to fear that the piles would settle when
the masonry conduit was built on them. No reason for this settlement

could be discovered in the pile record book, as the piles were over 45

feet long and noted as driving fairly hard. The boring record showed
that the mud was very deep at the above localities and was underlaid by

a bed of quicksand. These piles were tested about 12 months after they

were driven, during the construction of the masonry conduit, and al-

though they had apparently settled by their own weight, it was found
impossible to move them with a 1,500-pound hammer. It is probable

that a slow movement of the quicksand in which the bottom of the piles

rested took place from the great weight of the superincumbent filling,

and that this movement changed the position of the piles to such an

extent that they were drawn away from the caps.

A force account is appended showing the cost of the work.

MASONRY.

On August 14, 1884, bids were opened for the construction of the ma-
sonry conduit. The bids ranged from $68,000 to $127,000. Although it

was evident that the work could not be done for the lowest figure, the

contract was so awarded, and work was commenced at the upper inlet

chamber on August 23, 1884. The general section of conduit built on

the shore is shown by the drawing.

The character of the material found in the shore trench was very valu-

able. The greater part of the conduit is built on a hard, coarse sand and

gravel bottom. For a length of several hundred feet quicksand was en-

countered in the foundation, and in the vicinity of where the conduit

starts to cross the pond, stiff sandy clay was met with. A light plank

platform was adopted wherever the sand was of such character that it

flowed and would not stand on a slope. Where the sand was mixed
with gravel, or where clay was encountered, the platform was aban-

doned and the concrete placed directly on the soil.

The trench was excavated to about grade 141, or 8 feet below the

level of water in the pond.

A large quantity of water flowed into the trench in some places, but it

was noticeable that most of the water leaking into the trench came from

the side furthest from the pond.

No special difficulty was encountered in the prosecution of the work
on the shore section. The points especially insisted on for performance

by the contractor were as follows :

1st. All water was pumped from sumps located ahead of the

masonry. No underdrainage was permitted by which a drain pipe

would be left under the completed masonry. Such a pipe, while it

could cause no trouble in a gravel or clay bottom, might be the source of

settlement in a quicksand bottom.

2d. No backfilling was permitted to be placed behind the concrete side

walls until twenty-four hours after the brick side lining had been laid.

Although the concrete side wall alone was strong enough to sustain the

pressure of the back filling, it was found that unless the brick lining was

laid and set, water would be forced through the concrete and the brick

work could not be got in dry.
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3d. All the sheeting was drawn before the centres were struck. By
this proceeding the arch was supported on the centres while the back fill-

ing was moving into the vacancies left by the withdrawal of the sheet

plank.

4th. The centres were not allowed to be struck until the back filling had

reached at least the height of the crown of the conduit. It was found

that no settlement of the arch took place, even when freshly laid, pro-

vided the back filling was as high as the crown.

Frequently a large gang of men would be set back filling a length of

arch freshly laid. In perhaps thirty minutes the back filling reached

the specified height and the centres were struck. No settlement took

place even in these extreme cases.

5th. Further loading of the arch after it had been covered one foot in

depth was prohibited until the masonry had been laid a week:

6th. All back filling was thoroughly puddled as the material was
thrown into place.

By the careful observance of the foregoing directions the conduit was
built and on completion showed neither crack, leak, nor settlement of

either invert or arch. Diagrams showing the actual shape of the conduit

were taken every 25 feet. These diagrams show the ar-tual divergence

of the arch from a true semicircle and were remarkably free from the

usual depression on top indicating a settlement of the arch.

But 522 feet of the conduit on shore was completed November 25, 1884,.

on which date work was suspended for the season.

During the winter periodical observations were made of the movement
of the trestle. After August 15, 1885, no further movement was dis-

cernable.

In April, 1885, the work on the shore portion was recommenced, and
was completed in August.

In September the contract was virtually abandoned by the contractor,

as he found it impossible to do the work at the contract price. By spe-

cial agreement with the Water Board, whereby some of the retained col-

lateral was advanced to the contractors, work was again commenced
after about a week's delay on the pond section.

The distortion of the bolsters and buckling of the double piles seemed
to indicate that an immense pressure was exerted by the filling, and
that on taking off the caps the piles would be forced into the centre of

the trench.

This idea proved to be erroneous, as the filling had taken a stable

position during the summer. It was also expected, from the known
position of the gravel filling, that on excavating the gravel from the
middle of the trestle that the filling on the sides would tend to force up
mud in the centre. This occurred in two places, but no trouble was ex-

perienced on the greater portion of the work.

The first operation in excavating the trench in the pond was to saw off

the caps on each side where the sheeting of the trench would come. The
middle portion of the cap was then pried off, the sheeting driven and the
mud and gravel excavated from between the piles. The piles were
capped at the proper grade by one of the 10-inch by 10-inch sticks, which
had previously been ripped off. The caps were turned on their eidesand
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notched 2 inches to fit the piles, as the old notches would not fit the piles

at the bottom of the trench.

The double piles were sawed off 6 inches lower than the others, and a
short bolster placed on the piles. The cap was then notched over the

bolster.

The caps were then covered with 4-inch spruce timber run lengthwise

of the trench. These timbers broke joint and were fastened to the caps

by 8-inch cut spikes. The caps were fastened to the piles by 16-inch oak
treenails.

The concrete bottom, up to the level of the invert skewback, was then

laid on the platform, and after it was sufficiently set, the forms for the

concrete side wall were put in and the concrete put in place. From
twelve to twenty- four hours after the side walls were laid the wocden
forms were knocked out, as the concrete was then hard enough to keep

its shape. From twenty-four to thirty-six hours after the side walls

were laid the masons were permitted to line the bottom and sides with
brick work. The side walls were back filled as soon as the mortar
was set and centres were placed for the brick arch. The arch was
back,

filled about one foot above the crown when the centres were struck.

No special difficulty was encountered in building the portion through

the pond. During this portion of the work the pond was lowered to

grade 145. The average grade at which the piles were cut to receive the

caps was 138, so that about 7 feet head of water existed outside of the

trench. The leakage into the trench was handled at first by two pulsoni-

eters, which finally proved inadequate, and a 6-mch Andrews pump,
run by a Hoadley engine, was added.

As some additional pile driving was necessary, an opportunity was
afforded to test the piles which the records showed to be unsatisfactorily

driven. In all cases it was found that the piles, which had driven easily

before, and which had gone in some cases 18 inches or 2 feet in the last

three blows, could hardly be moved. Some few were driven to a lower

grade, but most of them were dropped on with a fall of about 10 feet of

hammer, and if they did not start at the first blow the driving was sus-

pended.

Shortly after laying the concrete side wall hair cracks made their

appearance in the concrete masonry. These cracks caused some alarm

at first, as they were thought to indicate a lateral movement of the piles

in the foundation, These cracks were carefully located, and never

made their appearance in the brick masonry. It is probable that these

cracks were produced by the weight of the concrete slightly buckling

the four-inch timber platform, as in some instances the bents were more
than four feet apart.

In December, 1885, the contractor abandoned the work, which was
finished by day labor in the following spring. The actual cost of the

conduit was $158,000 and the original estimate was $160,000.

The earth embankment over the conduit in the pond was made 8 feet

wide on top, with 2 to 1 slopes. The slopes extended down to grade 145,

at which grade a level berm was produced by shoveling off all the sur-

plus material to the level of the pond.
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Th-e slopes were protected on the northeast side of the embankment

by 16 inches of stone paving, and on the southwest side, where there was

less exposure, by 12 inches of stone paving. The top of the embankment

and about 2 feet of the side slopes were seeded down with grass, and the

conduit presents rather an ornamental appearance as it winds through

the pond.

Water was sent to Chestnut Hill through the new conduit in July,

1886. It has been in periodical use since that date. I am informed by

the engineer in charge of the works that inspection of the work since its

completion has failed to find any evidence of either settlement or lateral

movement.
A detailed force account was kept of the work, which is here appended :

CONSTRUCTION ACCOUNT OF FARM POND CONDUIT ; WORK
PREVIOUS TO DECEMBER 1, 1885.

WORK DONE.

Trench on Shore.—2,W0 lineal feet of trench, 20 feet wide, 9.5 feet deep, contains 15,-

106 cubic yards or 719 cubic yards per lineal feet; backfilled 1 foot over arch, then
embankment made, averaging 1.5 cubic yards per foot; water in pond, 3.5 feet higher
than bottom of trench; water handled by two pulsometers.

Cost to excavate per lineal foot $3.20
" " brace per lineal foot .* 40
" " pump per lineal foot 45
" " backfill per lineal foot 71
" " bank per lineal foot 69

Cost, miscellaneous, per lineal foot 28

$5.73

Backfill cost 18 cents per yard ; labor of bracing, 30 cents per foot of trench.
Trench in Pond.—1,551 lineal feet excavated to grade, 18 feet wide, contains 8,070

cubic yards ; backfilling and embankment partially completed ; water in pond, 6.0 feet
higher than bottom of trench; water handled by two pulsometers and one Andrews
pump.
Cost to excavate per lineal foot, $3.25; cost to brace, labor, 29 cents, kimber, 45

cents, total, 74 cents; cost to pump, 72 cents. The backfilling cost 19 cents per yard.
Pile Caps.—280 caps, sawed, notched and fitted. Cost to saw piles and fit bolsters

and caps, 82.95; cost to saw away earth, 90 cents; cost of treenails, 16 cents; cost, mis-
cellaneous, 26 cents; total, $4.27 per cap.
Timber Platform.—Cost of lumber, $14.90; cost to handle, $6.94; cost of fastenings,

$1.19; cost, miscellaneous, $1.37; total, $24.40 per thousand feet B. M.
Concrete Masonry.—Cost for labor. $1.70; cost for cement, $1.66; cost for sand, 45

cents ; cost for gravel, $1.20 ; cost for forms, 5 cents ; cost, miscellaneous, 48 cents ; total,
$5.54 per cubic yard.

It took 1.32 barrels of cement to make one cubic yard of concrete ; 2,495 cubic yards
were laid, but only 2,453 cubic yards were paid for, as the balance was not protected
from frost. Cost figured on 2,495 cubic yards; value figured on, 2,453 cubic yards.
Brick Masonry.—Cost of laying, $2.38; cost of tending (includes culling, unloading,

etc), $2.07; cost of brick, $5.59; cost of sand, 42 cents; cost of cement, $1.55; cost of
forms, 19 cents ; cost, miscellaneous, 1.05; total, $13.25 per cubic yard; 1,615 cubic
yards laid, 1,600 cubic yards naid for- 570 brick in 1 yard of work; 5 per cent, was ad-
ded to this for waste. It took 1.23 barrels cement to lay 1 yard of work. Masons
averaged 1,250 bricks per day.
Rip Rap.—It cost 71 cents per cubic yard to handle and place.

Trench on Shore.

Cost to Contractor. Value to City.
Column No. 1 $346.00
Column No. 2 11,107.45

jTwenty per cent, column No. 11. 593.35

$12,046.80

:

$8,610.00
Cost per lineal foot. Contract price.

$5.73 $4.20
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CONSTRUCTION ACCOUNT FARM POND CONDUIT.
Applies only to work done up to Dec. 1, 1885.
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Column No. 3
Fourten per cent., column No. 11.

Trench in Pond.
$8,324.45

415.35

Column No. 9
Two per cent., column No. 11 .

.

$8,739.80

Rip Rap.
$1,644.60 I

59.36

Column No. 6 -

Twentv-three per cent., column
No. 11

$1,703.96 I

Concrete.

$13,110.50

682.35

Cost per cubic yard.
S5.54

$13,792.85

$3,755.51

80.00 rip rap delivered.

$2,451.60

$9,812.00 concrete laid.

200.00 gravel delivered.

Column No. 7

Thirtv-flve per cent., column No
11

Brick Masonry.
$20,529.26 I

1,038.36

Cost per cubic yard.
$13.25

$10,012.00
Contract price.

|4.00

$23,033.73 regular work
605.35 Port, cement.
154.17 extra bills.

Column No. 4 :

.

Two per cent., column No. 11.

Cost of one cap.

$21,567.62

Pile Caps.

$1,137.80
59.33

$1,197.13

$23,793.25
Contract price.

$14.50

$840.00
Contract price.

$3.00.

Column No. 5
Four per cent., column No. 11..

.

Cost per M. Ft. B. M.
$24.40.

Spruce Lumber.
$2,241.40

118.66

$2,360.06

$2,736.00 timber platform.
168.00 boards for drains.

$2,904.00
Contract price.

$30.00

SKILL AND ART IN THE HEATHEN ERA.

By J. T. Fanning, Read before the Minneapolis Society of Civil

Engineers.

Professor Tyndall. referring recently to the rapid development of

science in the present age, and to the increasing public interest in its

results, spoke also of science as being now the supreme interest of civili-

zation. We observe its influence working in public school and collegiate

institution, and already it threatens to overshadow the long-established

classical regime in the universities.

In the department of building, science has given rapid transferrence of

thought and commands from office to workshop and quarry, rapid and
easy transportations of materials and rapid accumulations of mechanics
and supplies wherever great structures are to be erected. If canals, aque-

ducts, bridges or halls of legislation are now to be constructed, science has
sbown how to increase the results of the manual labor in them a hundred
fold, and it has so multiplied constructive possibilities that we contrast

with pride our splendid modern facilities with those of the workmen of

old, who toilfully dug with rude utensils such ditches as our steam
shovels excavate at surprising rate, or vvho slowly rolled up long inclines
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such blocks of stone as our hoisting engines quickly whisk up three, five

or seven stories height.

While the results of science are of general interest and accrue to the

general benefit, there are none who more fully appreciate the scientific

development of our time, with its increase of opportunity and power,
than engineers and architects, its devotees, for they, chiefly, design and
direct the construction of the notable works of the age, which present

the highest applications of scientific skill, and whether these works be

revetment, aqueduct, truss or temple, their acknowledged successes are

measured, more than all else, by the influence of the skill and art tbat

pervades them.

Modern buildings are in harmony with the advanced stage of modern
civilization, and so public works in each generation, and we might say in

each city and village, are and have been constructive expressions of the

civilization of their time and locality. They are a portion of Nature's

historical record of the necessities, desires and mental status of the people

who projected them, as well as of the acquirements of the architectural

engineers who designed them.

"While the public works of the different eras may not claim our atten-

tion as models for modern reproduction, they offer a line of study of

most intense interest in the unimpeachable history which they present

of the advancing or retrograding stages in evolutions of national

thoughts along the varied ethnological successions, and teach us of the

origin of the inherited skill and artistic development which our era is

not too modest to claim. In a comprehensive view along the structural

eras of the past, the lapse of time covered by structural history gives us

power to note the characteristic features of the early works, and through

them to individualize the ancient workers, and to study their distinc-

tive traits as shepherds, invaders, migrators, traders, and as artizans or

idolators.

Thus through the aid of such bas-reliefs, intensified by time, we ana-

lyze the peculiarities of the Egyptians, Hebrews, or Greeks, as nations,

as through familiarity we are enabled to perceive in clear relief the

personal characteristics of our individual neighbors and intimate

friends.

Individuality in nations has a broad significance, and its study in the

ancients will not only add interest to, but help us to understand more
thoroughly, our own distinctive characteristics, our precious inheritance

of mental power, with mechanical and technical skill, scientific acquire-

ment and artistic preception. And there is an ever-recurring interest in

comparisons of the skill, talent and genius of the moderns, with the

like faculties of the earliest people of whom we have any history or

tradition, who fulfilled their political destiny several thousand years

ago.

In prosecuting our studies of the ancient people and their works, it is

convenient to arrange the gathered facts first in inverse chronological

order, as in a lengthy panorama, and glance from the modern standpoint

backward, till the view is lost in the distant perspective, and then

wjth the advantage of more familiarity to reclassify in tiue order of

sequence. Ancient skill is more ancient in origin than art, and has
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in much less degree attracted the attention of historical writers, and for

our knowledge of it we are dependent more on the remains of ancient

works than upon written history. Skill, as well as art, has had its

culminating periods of progress and then its periods of neglect, and
these have in general been introductory to and contemporaneous with

advancements and declines of art. Its periods of great progress may be

broadly classified, as is usual with art, into ancient, mediaeval and

modern. Ancient skill and art had their full measure of"glory, and came
to their decline under heathen patronage before mediaeval skill and art

felt the inspiration of Christian influence.

The student of ancient history who would commence his studies with

the character of the people and works of skill at the early dawn of civil-

ization, and trace them in order of sequence to the middle age, is sur-

prised at the outset to discover that there are few traces of reliable

ancient history in existence antedating the classic age; other than that

wrought by bone and sinew into enduring canals and tombs and temples.

Were it not that certain royal constructions of the ancients endure 'till

to-day the records of ancient peoples, once powerful in influence and in

deeds, would long ago have passed into tradition and myth. Starting

in ancient historical research from the classic age and classic lands, the

student is led backward step by step towards the east, and finds himself

guided by footprints of a host of noble seekers after knowledge,

—

Pythagoras. Solon, Strabo, Tacitus, Archimedes, and many others who
journeyed in the early days down into Egypt, a birthplace of skill,

science and art. to drink there their fill from an ancient fountain of

knowledge.

In Egypt the philosophers early learned to distinguish the constella-

tions, to foretell eclipses and to reckon time; to divide and compute geo-

metrical areas and to survey the lands after the inundations. There the

builders early learned to quarry and to hew stones, and there the agri-

culturists early learned to irrigate the lands which the rains of heaven
rarely fell upon. It is natural that in a rainless country beneath a trop-

ical sun, the earliest development of skill should be in the practice of irri-

gation, and tradition relates that hydraulic works were commenced
almost immediately upon the arrival of the Hamitic colony of Mizraim
in Egypt. Through the agricultural necessities and opportunities on the

plain this people became practical hydrauliciahs, and developed the in-

stincts that led to the construction of those vast irrigation works, which,

together with lesser works of recent date, are this day watering Egypt.
Chaldea and India. Reference to a few only of their great works will be

necessary to show to what skill they attained, and these references may b>-

chiefly to hydraulic works because they are less familiarly known to stu-

dents.of art literature. From the very border of traditionary history comes
the story that Menes, whom the priests named to Herodotus as the head of

the first great dynasty of Egypt, diverted the mighty Nile from its course

and established his palace and the city of Memphis over its former bed,

where they became the centre of rule of the great Mempbian kingdom
before the foundations of the first pyramids were laid. At a later period

when Sesostris. a powerful monarch, returned from his successful Asiatic-

camp .ign with a horde of captives and with spoils from every kingdom
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between the Persian Gulf and the Euxine, he began a systematic irriga-

tion of the valley of Egypt, and dug numerous water-courses, inter-

secting the whole plain. To enhance the usefulness of these and addi-

tional canals Mceris is said to have planned and completed, four thou-

sand years ago, the immense reservoir that now bears his name, and to

have dug a canal from the upper river to the newly formed lake to re-

tain the Nile floods for tne irrigation of the lower valley of Egypt. It is

claimed to have had originally a circumference of four hundred and
fifty miles. Rising out of the basin now exists the great pyramidal

tomb of Mceris. Lake Mareotis also, and other great reservoirs, were im-
proved, excavated or brought into use for storage of the Nile floods, so

that each season of irrigation might be prolonged and the agricultural

products of the country multiplied.

Pharaoh Necho, six hundred years before our Chistian era. constructed

a maritime isthmus canal, extending from the Nile near Heliopolis to

the Bitter Lake Basin, through which the recently excavated isthmus

canal passes, and thence to the Gulf of Suez at the head of the Red Sea.

The breadth of this ancient ship canal is given as one hundred feet, and

depth as forty feet, and its length exceeded that of the modern isthmus

canal. Strabo states that ships of the largest size could navigate it-

This canal was in use five hundred years, until after the time of the

Ptolemies, and then neglected until it was partially filled by orifting sands.

Twelve hundred years after its first construction it was re-opened by the

Caliph Omar, and continued in use one hundred and twenty years,

until the destruction of Alexandria. Recently it was again

opened in part, to lead potable waters to laborers on the modern
Suez canal. At Cairo there is an aqueduct three thousand years old, and
Savery, a French explorer, discovered great reservoirs hewn in the rocks

upon the hills in different parts of Egypt, from which water once flowed

to irrigate the land. While these remarkable hydraulic works in Egypt
were being developed, the kings, in succession, were building t heir

mighty pyramidal monuments and setting their lofty obelisks, excava-

ting their wonderful rock temples and constructing massive palaces and

places of worship which have served for a basis of later classic skill and

art. The beautiful temple of Tentyra is now beheld by the traveler who
ascends the Nile as one of the legacies of ancient skill, and has ever

proved a monument of wonder and delight. A traveler of renown,

standing beneath its portico, was so enraptured as to exclaim that he

really was in the sanctum of arts and sciences.

The Serapeum at Memphis was a magnificent group of temples, ap-

proached from the city through an avenue of Sphinxes. The subter-

ranean tombs of these temples are remarkable in extent, and contained

enormous sarcophigi of granite, sometimes twelve feet high and fifteen

feet long, and weighing more than one hundred tons each. The colos-

sal statues of Rameses II. were carved of syenitic granite, above seventy

feet in height, and were set up in ancient Memphis. One of these exists

as the fallen colossus. The Egyptian Labyrinth, erected near Lake

Mceris, about 1800 B. C, contained twelve palaces under one roof, and

is said to have had a peristyle court and three thousand chambers, and

many vaulted passages. It was constructed of polished stone with pil-
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lars and columns of granite and porphyry. It is said that the opening

and closing of its doors echoed like the reverberations of thunder.

Herodotus and Strabo visited this palace and found it difficult to ex-

plore its labyrinthian halls without a guide.

In the absence of trustworthy written records of the ancient peoples,

the history of their migrations is obscure, and the conjectures respect-

ing them are conflicting among the best authorities, nevertheless, there

is very convincing mechanical evidence in the ruins of vast hydraulic

works still observable far to the eastward that the early people* of Miz-

raim prospered and multiplied in a degree unapproached by other de-

scendants of Noah, and that in consequence of their prolific growth from

their Egyptian base, they, in the far distant past, advanced like an inun-

dation, eastward along the tropic of Cancer, across Arabia and Chaldea,

past tbe Persian Gulf and down into the peninsulas, possessing the coast

along the Indian Ocean to the northeastern shore of India. If search is

made for their hydraulic skill in Chaldea, there may be observed in the

extensive plain where the waters of the Euphrates and Tigris meet,

traces of great reservoirs and canals. There the floods were stored for

irrigation of the plain, as the earlier Cushites had stored the waters of the

Nile.

When Babylon of old became a capital on the great river, the Chal-

deans taught her Shemitic rulers to protect tbe city from inundations

by diverting the surplus water from its natural channel into a new
course and into storage basins. Our Hebrew record relates that Cyrus

j

when afterward investing Babylon, deepened this same diversion chan-

nel and dried the bed of the Euphrates, and thus admitted his army with-

in the walls of the doomed city while Belshazzar and his thousand

princes were stupified with feastiug and revelry.

Search for their hydraulic skill in India also discovers immense bunds,

or storage reservoirs, constructed before the period of written history,

and they may be coun'.ed more than one hundred thousand in number,
many of them built most substantially of stone. Some of these masonry
dams still retain ruins of their ancient temples that crowned them. In

Ceylon may be cited a great dam extending across a valley, which is

said to be fifteen miles in length, and is faced with huge blocks of stone

well cemented together, and originally confined a lake of great extent.

In India we find also the great monuments, the obelisks and the rock

temples, such as are more familiarly known to European travelers in

Egypt, and the great subterranean temples at Elephanta, Ellora, Sal-

sette and Canara have been explored and the similarity of their sculp-

tured walls and pillars to those of Egypt discovered. It has been esti-

mated that it would require the labor of forty thousand men forty years

to excavate and carve the temple at Salsette by the supposed methods
originally employed.

It may be asked why these far-off works are attributed to colonists of

Egyptian origin, since they are of a pre-historic age. Shrewd ethnolo-

gists have observed that the early independent colonies springing, as the

Hebrew record states, respectively from Shem, Ham and Japhet, devel-

oped each peculiarly distinctive characteristics, practical, artistical and
intellectual, as well as moral. The Hamites, whose works we have been
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referring to, and whom the ethnologists term Turanians, have especial

instincts and talents for irrigation and building, and wherever they

wandered they fixed indelibly their mark of reservoir and canal, and tun-

nel, and huge structures of enduring masonry. The Semites and the Ary-

ans and Celts, descendants of Shem and Japhet. never did, and possibly

because of political and religious influences, never could build such vast

and enduring structures. If we recognize these peculiarities of the

original colonies as separated in early post-diluvian times, it will add
intensely to the interest of the study of their habits; while still re-

maining and diverging as distinct races, and we shall watch with in-

terest the results as effecting skill and art, where they are again brought

into close intercourse many centuries later in the all absorbing Roman
Empire.

It was these Turanians of the early Memphian kingdom, who. under

the influence of idolatrous worship and absolute monarchical rule, first

became intuitive and mighty builders, building, as it were, for eternity

the most mighty monuments of any age. that still remain, and so old

that we cannot with certainty fix their dates within a thousand years.

The sublime structures themselves, with their hieroglyphic inscriptions,

are the only records remaining of the ancient people who first invented

science and art.

These mechanical instincts, first developed in the Memphian kingdom,
again assert themselves in the wonderful temples and palaces of the

Thebian kingdom in Egypt, There the arts of quarrying, stone cutting

and symbolic sculpture, and the skill to transport and handle heavy
weights, were brought to great perfection, and there we may find long

and deep stone lintels weighing one and two hundred tons each, placed

high upon pillars, or as roofings of apartments, and there we may find

whole structures built of massive blocks of stone, such as modern
masons' riggings are by no means adapted to handle. Those ancient

mechanics could square stone with the most scrupulous accuracy, and
polish their faces to surfaces like glass, and set them with the utmost
precision, and those same old workmen could also excavate in solid ledge

such palaces or temples as their kings or priests required, leaving ports!

and pillar and partition in place, enlivened with emblematic sculptures;

or they could, when their religion demanded, chisel a hill of rock into

a gigantic sphinx with a temple between its paws, or into a massive

tomb, moulding the everlasting hill into everlasting art.

Searching again for the colonial influence of this building instinct, we
find that the early Phoenicians displayed mechanical skill not unworthy
an offspring of Egypt.

Some eminent philologists, noting that the language of the Phoenicians

has been within the historic period more closely allied to the Assyrian

than the Egyptian tongue, have claimed them to be of Semitic origin.

The evidences of their mechanical instincts, and of their moral instincts,

very strongly indicates them, or otherwise an influential infusion among
them, to be of [Turanian origin. Moses calls them Canaanites. Good
authorities, on the basis of their own traditions, claim them to have been

a colony from the vicinity of the Persian Gulf, a land undoubtedly held

by the Hamites at an early period. Whatever their origin, the Egyptian
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mechanical influence asserts itself strongly in their public works, the

ruins of which still indicate niassiveness.

Strabo says that the walls of Tyre in Phoenicia were one hundred and
fifty feet in height, and were built of massive blocks of stone, and that

the remains of its aqueduct are of the most solid construction.

Also in Carthage, a daughter of Tyre, founded nearly three thousand

years ago, traces of sewers remain, and great reservoirs are now to be

seen near the western walls. Cressy says the ruins of the Carthaginian

aqueduct may be traced a distance of tifty miles, including a thousand

arches of beautiful masonry which are upward of one hundred feet in

height.

In Syracuse, which we remember as the birthplace of Arcbimedes, that

had 1,800,000 inhabitants when besieged by Marcellus (B. C. 212), there is

now to be seen a great reservoir cut out of solid rock. There a tunneled

conduit extends from Syracuse under the sea to the island of Ortygia,

which we may justly regard as a remarkable example of ancient sub-

aqueous engineering.

That the Hamitic people still excelled in skill in Solomon's time is evi-

dent by the biblical record that Solomon sent to Egypt " a thousand and
four hundred chariots" at one time, and when Solomon had decided tO'

build a great temple to the living God, he sent for Phoenician workmen,
and Hiram of Tyre was his chief artificer, who came to beautify arid

adorn the temple, which, when completed, "every part thereof fitted'

with that exact nicety, that it had more the resemblance of the haudi-

workmanship of the Supreme Architect of the Universe, than of human
hands.''

We cannot attempt here to catalogue, even, the great works that mark
the migrations of those Hamitic builders to the east, and to the west

along both shores of the Mediterranean. But in a review of remarkably
great works of the ante-classic age, it is proper to take note of the marks
of skillful builders, who in the distant past possessed portions of Mexico
and Peru.

Ewbank, speaking of ruins of ancient hydraulic works in Mexico, Peru
and Chili, says, ' some of them rival in magnitude those of Egypt and
India, and the roads equaled in utility the oldest works of Greece and
Rome." The base of the great pyramid of Cholula, which is by some
Mexican explorers attributed to the Toltecs, and who are by some
ethnologists classed as Turanians, measures 1,440 feet, a little more than

one quarter of a mile on each side, and covers nearly four times the area

of the largest Egyptian pyramid. The great pyramid of Palenque was'

carried to a height of 60 feet and then surmounted with a temple.

Humboldt says that few nations moved such great masses of building

stone as those unknown people of Central America.
In the rainless lowlands of Peru hydraulic skill was as much a neces-

sity as in the plains of Egypt and Chaldea. Says Humboldt, " In the matii
time parts of Peru, I have seen the remains of walls along which water
was conducted for a space of from 5,000 to 6,000 metres, from the foot of

the Cordilleras to the coast." Examples are mentioned of water being
conveyed sixty miles to irrigate a small territory, and Acosta describes

an aqueduct of 120 leagues, or 360 miles in length, which at its fountain;
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seemed to be a river, also another of 150 leagues in length from north to

south, which traverses a whole province, and extends from the moun-
tains to the plains.

Acosta, when examining the ancient buildings in Peru, was at a loss

to comprehend how they could have been erected, so large, well cut, and
so closely jointed were the stones.

In the pre-historic times there was another colony whose origin is still

in dispute, though probe bly Turanian, that planted itself on the north

shore of the Mediterranean, and excavated tombs, and built strongholds

of Cyclopian masonry about the Archipelago. We call them Pelasgians.

They built dams and canals of surprising magnitude and of skillful con-

struction, and infused into their conquerors an influence, without which
the temple of Diana at Ephesus would have been impossible. We see

traces of their works at Athens, at Eleusis and Isene, and at Samos, where
there is a conduit tunnel originally counted one of the seven wonders of

the world.

Also a colony whose origin is uncertain, but claimed to be Pelasgic,

planted itself on the west coast of the Italian peninsula, and at the dawn
of history were excavating temples in the rocks similar to the Egyptian
models, and adorning their entrances with massive facades of columns
and lintels and majestic sculptures. We call them Etrurians.

Their advance in civilization expressed itself in innumerable works of

masonry of massive character, and in works of art. They drained and
sewered their towns, reclaimed marshes and embanked lowlands. So
skillful were they in engineering works of magnitude and public benefit,

and so skillful in surface decoration of their houses and wares, that the

Latins who afterwards absorbed them became their willing disciples in

skillful building and in art.

It seems that in process of time those Turanian colonists that sepa-

rated fi-om the Egyptian homestead, disappeared, or were absorbed by
conquests, leaving only their constructive impressions in the lands they

possessed for a time; but they made their marks as though for eternal

mementos of their presence.

The home colony survived, with occasional disaster, (ill within the

historic period, and as the successive Egyptian dynasties flourished, then

were wrought in Egypt such great national works and structures, that

beside them, so far as magnitude and massiveness are concerned, our

modern works seem feeble in comparison, and so far as mechanical finish

of decorations is concerned. Viardot informs us that their statues and
bas reliefs in granite, porphyry, diorite and basalt have often a fine polish

and exquisite delicacy suitable to cameos and precious stones.

Then the mechanical treatment of stone reached with the Turanians a

perfection not since surpassed, but the highest esthetic and scientific

treatment of stone was waiting for other more intellectual and refining

influences.

At the dawning of history we find in the upper peninsula of Greece

and in adjacent portions of Asia Minor groups of inhabitants of un-

doubted Japhetic origin. They in time absorbed the Pelasgic builders

and began to build temples worthy of dedication to the gods and god-

desses of their religious system, to gather towns about their temples, to
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establish republican systems of government, to build gymnasiums for

physical development and to build forums for public discussions and

mental development. They became at the dawning of the classic age

the most prosperous and enlightened branch of the so-called Aryan race.

As a result of their thrift Argos, Mycenae, Athens, Sparta, Thebes and
Corinth grew to wealth, power and renown: their merchants were

princes and their scholars were giants in intellectual power. Intellectual

strength was as marked a characteristic of their race as mechanical

skill of the Turanians. Out of their mental resources came in due suc-

cession the poems of Homer, the laws of Lycurgus, the architecture of

Ictimus, the sculptures of Phidias and the bronzes of Polycletus, each

unsurpassed to this day in intellectual excellence.

The cities of Greece welcomed the skilled artisans of Phoenicia, and
the expert workmen of Etrurua encouraged their Pelasgic masons, and
became themselves most excellent builders. They superadded to

mechanical excellence an artistic influence that gave to the art of

building the intellectual refinement of form and proportion chat found

expression in such structures as the Doric temples of Juno at Argos, and
of Jupiter Olympus : the Ionic temple of Apollo Panonius and the

theatre of Laodicea ; the Corinthian monument of Lysierates and Arch
of Adrian, and in the Parthenon at Athens. By their hands the esthetic

treatment of stone, in temple, in monument, and in mythological sculp-

ture, reached the utmost perfection yet attained.

The scientific treatment of stone was then advancing toward excel-

lence among the dome builders of northern Italy, and afterwards reached

in the vaulted arches of the southern cities a high degree of perfection,

culminating in the domes of St. Peters at Rome and St. Sophia at

Byzantium.

At the time of the death of the Grecian Emperor, Alexander the

Great (3^3 B. C), the Roman Republic, embracing Latins and Etrurians,

was already established and thriving, and in a brief time it gathered in

by conquest the Aryan colonies of Greece, the Turanian colonies of

Carthage and Egypt, and Semitic colonies of Syria and Assyria, and to

the northward the Celtic colonies of Gaul and Briton, and boasted the

rule of three thousand five hundred cities, so that a half century before

our era she
" Reigned absolute, the mistress of the world ;

The mighty vision that the prophets saw
And trembled."

Rome bad then at command all the elements out of which develop

with spontaneous growth durable and magnificent building, for they

possessed the mechanical skill of the Turanians, the scientific skill of the

Celts, the artistic skill of the Aryans and the financial skill of the

Semites, and the wealth of all civilized cities paid her tribute.

It was during the three centuries of the expansion of the Roman Em
pire that her most beautiful temples and theatres and her greatest aque-

ducts were built and the fountains and public baths of her capital assumed
their most magnificent splendor, and her Roman architecture rivaled in

elaboration that of Corinth aid Athens. Tarquin the elder, who was of

Etrurian birth and Pelasgic descent, projected the cloacae for the riuiifi
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cation and drainage of Rome, and his grandson Tarquinius Superbus
completed the cloaca- maxima famous for its size and the stability of its

arch masonry, which, though 2300 years in use has ever been a wonder
to visitors because of its magnitude and excellent workmanship.

Frontinius, an officer of renown, appointed by Nero to the charge of
the aqueducts of Rome, gives the total length of the nine great aque-
ducts as 277 miles. 31 miles of which were on arcades. On the plains near
Rome may be seen most of these splendid masonry arcades, partly in

ruins, nevertheless monuments of the mechanical skill and artistic

treatment of two thousand years ago. "Within the city of Rome the

masonry of some of the aqueducts was embellished with elaborate

architectural ornament, as for instance Aqua Virginie, which has a

facade of the complete Corinthian order with columns and entablature

in full relief. At some of the main thoroughfares which the aoueducts
span, the arcades equal in grandeur and nobleness of design triumphal
arches, and bear inscriptions; and certain castella exhibit choice examples
of classic architecture and sculpture.

Tf we had time now to examine the most important of the colonial

work of the Romans previous to the decline of the empire, we should
find it to include some of their boldest works, and we should find their

most skillful works to be aqueducts and amphitheatres.

For instance, one of the great aqueduct bridges of the Pisan aqueduct,
with its thousand arches, is still famous, and the Pont du Gard, projected

by Agrippa at Nismes is famous, and the aqueduct supplying Lyons has

one arcade of three stories of arches, another of five stories of arches, and
still another of eight stories of arches, with total height of nearly three

hundred feet; and for instance also the great amphitheatres at Capua, at

Nismes and at Verona, as remarkable in magnitude and decoration for

colonial works as the great Colosseum at Rome for a splendid metropoli-

tan structures.

These brief references to the splendid and durable workmanship of the

ancients must not be considered exhaustive of the range of their work&
even.

We might also trace the growth in their mechanical skill in harbor

works, in the moles and piers and fortified entrances of the Phoenician,

Greek and Roman ports, that grew out of their commercial necessities,

also in their great walls, towers, and massive gates that grewoutof their

military necessities, or in their bridges, which in the hands of the early

Romans displayed such thorough knowledge of the regimes of rivers,,

and of foundations, and of counter-arching that they became practical

models for the more theoretical engineering of France and Britain many-

centuries later.

The gathering in of the best talent of the subject races to the powerful

Roman capiial and Roman cities bore good fruits in the production of

very many well considered buildings of most thorough workmanship

and elaborate details and admirable models of usefulness. Their masonry ...

proportions and decorations have exerted a strong influence in subsequent

buildings in the classic revivals.

1 The dominant race bad not, however, the fine feeling that enabled them

to appreciate and generally embody in their works the chaste beauty of
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the Ionic builders, so that while mechanical building advanced in useful-

ness, art. in its highest application to domestic and municipal structures,

began to recede, even while the glory of the Roman Empire was in

ascendency.

In time the glory of the Roman Empire culminated, and the period of

ancient skill and art rapidly declined. About three and one-half cen-

turies after the beginning of the Christian era (364 A. D.) the dismember-

ment of the Roman Empire began. The exultation of conquest was no
longer an incentive to great public undertakings. On the contrary there

was a decrease of national energy, and a decrease of national revenues.

The desire for durable structures and artistic embellishments gradually

weakened, and there was no longer a pressing demand for skilled work-

men and skillful artists.

From this period, fifteen hundred years ago, the historical study of

ancient mechanical skill and more especially of ancient fine art leads

into a quiet gloom, for the arts then began a slumber of five centuries

duration in nearly all Europe, through the long night of the "dark
ages."

The examples of wondrous skill among the ancient mechanics, though
now much scored by the storms of twenty to thirty centuries, are still so

numerous that this brief sketch but suggests a research among them.

Omitting now a consideration of medieeval skill and art, we pass from
the assembled Turanians, Aryans, Semites and Celts under Roman con-

quest to a present period when, after twenty centuries interval, imperial

liberty and prosperity are gathering anew, on American soil, the stock

and traits of Semite, Aryan and Celts, with their financial, artistic and
scientific instincts, and out of which, under a fair financial stimulus,

ought to grow public structures of wondrous skill and beauty, but the

spirit of the Turanian, the mighty builder, has not here an influential

representative.

We are proud of the mastery of the forces of nature, our mechanical
inventions, our splendid trusses, and our technical refinements of struc-

tures have not been surpassed in former eras. We are proud of an in-

dustrial progress that gives us almost unlimited constructive possibilities*

but yet there remains to be developed an admiration and an introduc-

tion of enduring qualities in our structures.

If there is aught that is admirable in the public will of our generation
that should awaken a spirit of reverence in later generations, then the
standard of the public structures should respond to a natural demand,
and out of the high scientific attainments, the constructive genius and
the artistic refinement of which we boast, should be evolved structures

that will be admired at least a century hence with admiration equal to

that we give to the unquestioned skill and art of the heathen of ty
centuries ago.
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THICKNESS OF WATER PIPE.

By S. Bent Russell, Member Engineers' Club of St. Louis.

[Read April 18, 1888.]

To properly approach the subject let us rapidly review former conclu-

sions as to the proper thickness of water pipe. Plates I., II. and III. give

a graphical comparison of the formulas usually quoted. Plate I. shows
the thickness given by the several formulas for 12-inch pipe for different

pressures; Plate II. the same for 36-inch pipe by a few formulas, while

Plate III. shows how the thickness varies with the diameter in the several

formulas, the pressure being taken at 75 pounds per square inch.

We see at a glance that one has considerable latitude in choosing the

proper thickness from these formulas.

In 18S2 a paper by Mr. Baermann* gave an elaborate analysis of the

formulas compiled by Mr. Fanning. Mr. Baermann gives also a valuable

table of the minimum thickness which may be used for pipes of different

size; said table being based on the thickness used in gas pipes.

Mr. Baermann proposes that the thickness of pipes be directly pro-

portional to the diameter, except in the smaller sizes, which he says

may be of the minimum thickness. He thus argues that the older for-

mulas give pipes too thick in the smaller sizes and too thin in the larger

sizes. His paper concludes with the following remarks : "Finally one
of the main facts derived from the comparison is, that the values of t

obtained from the formulas give pipes of varying strength when calcu-

lated for a given head, and that the least thickness consistent with

proper casting and handling is ample in pipes of small diameters for all

ordinary heads."

In 1885 a paper by Mr. Howlandf gave the thickness of pipes of differ-

ent sizes used in various cities and towns of America, and showed the

great variation in thickness used under conditions apparently similar.

Mr. Howland gives also a table of minimum thickness almost identical

with Mr. Baermann's, and says thereof :
•' The minimum thickness of

pipe which I give are strong enough to withstand ordinary strains of

manufacture, transportation and laying."* The line on Plate III. marked
Howland's Min., gives the values taken from the table referred to.

Later in 1885 a paper by Mr. Noyes^ gave graphical diagrams of thick-

ness of pipes used in different towns and by the many formulas. Mr.

Noyes remarks upon the wide variations in thickness used for similar

conditions. He also lays stress on the importance of the problem in the

way of economy.

In discussing this paper Mr. Howland said: " I think the tendency

among the majority of engineers in this country has been to use too

heavy pipe." And again: " I think the tendency has been to put alto-

gethei too much money in insurance by using too heavy pipes.'*

So much for history. Let us consider the

IMPORTANCE OF ECONOMY IN PIPE THICKNESS.

The water pipe now under ground in St. Louis would be worth, if new,

* Transactions Engrs. Club of Philadelphia,

t Trans. Am. W. W. Ass.

t Trans. N. E. W. W. Ass.
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at present prices, nearly two millions of dollars. Had the pipe been

made ten per cent, lighter $200,000 would have been saved in outlay, and

the interest on this sum at 4 per cent, would amount to $8,000 per year.

Say that by thus lightening our pipe we increase the number of leaks by

100 per annum, and that repairing a burst pipe costs $50 on the average,

or $5,000 additional expense for maintenance. We have in this city an

average of 125 leaks per year, or a leak to 2£ miles of pipe. Probably

four-fifths of these, however, are in the joints.

We would then save by the reduction of weight about $3,000 a year.

The question remains open, would the number of leaks have been in-

creased by more or less than one hundred. We must not forget that a

leak is undesirable more on account of the annoyance and danger to life

and property than on occount of cost of repairing. Under some con

ditions also, much water may be lost by leaks remaining long undiscov-

ered. We cannot abolish leaks altogether, however, and the problem

might be put as the number of leaks per mile consistent with economy,

or Capital vs. Leaks.

The cost of pipe need not be considered only as capital, for in the

majority of American cities the pipe system must be extended at shorter

or longer intervals to keep pace with the increase and spread of popula-

tion, so that the cost of pipe used in extension may be charged up to

annual expenses. St. Louis will hardly need less than $40,000 worth of

pipe per year to keep up with her present rate of growth. If the pipes

could be made 10 per cent, lighter, this outlay would be diminished

by the sum of $4,000 per year.

Under some conditions the question of life of the pipe would come in

with that of leaks, but I think it may be neglected here when the pipes

are coated in the usual manner.
In some localities the question of thickness is of more importance than

it is in this city: for example, in our Western towns the cost of trans-

portation to which rivals that of manufacture of pipe. In many works,

too, the cost of the pipe system is more than half the cost of the whole
works, and in many a small town the question of water-works or no
water works depends on the cost of the necessary pipe system.

Let tis state in a few words

THE PROBLEM
which we are to consider :

What thickness of cast-iron water pipe will give the maximum
economy for the different sizes and under the different conditions of

water-works service ? The word economy is here used in its largest

sense.

The above problem may be separated into two. 1. What factor of

safety will give the maximum economy in thickness of water pipe

under the conditions of water-works service.'

2. What thickness for pipes of different size and under different con-
ditions of service will give the same factor of safety? or, to state the sec-

ond more definitely, What function of the diameter should the thickness

be and what function should it be of the known conditions of service to

obtain a given factor of safety?

What data are necessary to solve the latter problem ? Many formulas
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appear to require only the pressure or static head and the diameter of

the pipe ; some do not require the pressure to be known and others have

a factor tor the ultimate strenghth of the iron used. In all of these the

factors, besides those mentioned, are included in the factor of safety or

in an added constant.
WHAT WE MUST HAVE.

1. The requirements of efficient manufacture.

2. The requirements of withstanding reasonably careful transportation

and handling.

3. A bursting strength sufficient to withstand the maximum pressure

to which the pipe will be subjected in service, said pressure being the

sum of the maximum ram or water hammer and the static head.

These are the recognized requirements of a proper pipe for water-

works use. The requirements, 1 and 2, may be said to have been pretty

well determined by experience in the manufacture and handling of cast-

iron pipes used for gas. As before stated, Mr. Baermann has prepared a

table derived from this and other data.

One criticism that might be offered on his plan is that different makes

of cast-iron differ so greatly in their behavior in the pipe factory and so

greatly in their ability to stand shocks that it is hardly fair to make
both the following statements of a certain thickness : This is the mini-

mum thickness that can be safely used, and this thickness is strong

enough to withstand ordinary strains of manufacture and handling, no

conditions being made as to the composition and toughness of the iron.

The condition of 18,000 pounds tensile strength will not insure us against

getting iron brittle enough or " dirty'' enough to require very careful

handling.

Where the cost of transportation is high compared to the cost of iron

it might pay to get tougher metal and lighter pipe than we would use

under other conditions, or perhaps even to cull the lightest pipe from the

run, as is sometimes done.

We now come to the much discussed point of

MAXIMUM PEESSUBE.

The question of water ram or water hammer has brought forth from

so-called water-works experts a display of ignorance monumental in pro-

portions. In view of the antiquity of water-works engineering it is

mournful to have to acknowledge the failure to solve such an important

question of hydraulics as water ram, and, worse still, such a dearth of

recorded experiments or attempts at solution.

Some writers estimate the maximum at twice the static pressure for

use in a pipe formula for all conditions of service, others use a greater

ratio, while others again say, let the ram be taken care of by the

ordinary factor of safety.

Let us assume the ram to be known, and draw up a formula for the

proper thickness of pipe:

£ f

When t = average thickness in inches of the lightest pipe to be ac-

cepted.
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"When D = diameter of pipe in inches.

-' H = static pressure in pounds per square inch.

-" R = maximum ram in pounds per square inch.

" S = factor of safety.

" / = ultimate tensile strength of iron in pounds per square inch.
'

,125 .is added to allow for a reasonable movement of the core in casting.

When the core of a pipe is more than $ inch out of centre the pipe should

be rejected.

Take s = 6 and / = 18,000. then

(R + H)D
* ~ 6,000

+ -^5

This being the average thickness for the minimum weight pipe, we
should add 5 per cent, or less allowance for variation in weight to get the

average thickness of the pipe to be bought. Whenever this formula

gives a result below the minimum thickness prescribed by requirements

1 and 2 the latter thickness should be used.

In view of the fact that R will be difficult to determine with precision,

even with the best of formulas, on account of the usual data not being

precise, we will let R x
= the calculated ram, and change our formula

to suit. As the ram is in the nature of an intermittent load, a larger

factor of safety should be allowed to it than to the static pressure. The

following form then might be considered safe :

t= S(2R +H)D +125

Taking S = 6 and/ = 18,000

_ (2R 1 + g)D
* ~ 6,000

+ - 1*55

This formula should be safe when the results do not fall below the

minimum thickness prescribed by the requirements of manufacture and
handling. We are now ready to use R^ if we can get it.

In the year 1884 Mr. Weston* made a valuable series of

EXPERIMENTS ON RAM.

using two systems of pipes, each containing pipes from one inch to six

inches in diameter. He used a quick shutting valve and a steam indi-

cator for measuring the ram. Velocities were determined by direct

measurement of the water discharged. In the paper recording his re-

sults he gives tables and graphical diagrams. The inference derived

from these is that the ram is directly proportional to the velocity of flow,

approximately speaking, where other conditions are the same.

Table A, columns 1, 2 and 5, shows some of the results obtained by

the experiments in the two pipe systems, the ram observed at the point

nearest to the quick-shutting valve being taken in each case.

I have calculated the kinetic energy E of the water moving in the

system for each experiment, as shown in column 3 of the table. Column
4 gives the square root of E.

Plate IV. gives a graphical representation of the relation of the *
'

E

to the observed ram. Plotting ^E as abscissa, and observed ram as or-

dinate, we get for each system a slightly curved line not deviating far

* See Am. Soc. C. E. Trans., 1885.
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from a straight line through the origin. The observed ram ranges from
15 pounds to 177 per square inch. The lines given by the two systems,
though similar, do no coincide.

We see by the diagram and Table A, that if we take the ram to be

directlv proportional to V'e we shall not be very far wrong within the
range of the experiments. The experiments appear to have been, un-
fortunately, based on some other hypothesis, as. otherwise, a less compli-
cated pipe system would have been chosen, and the results have been, in

consequence, more easily interpreted.

Table B and Plate V. show the results obtained in some experiments
made by the writer in the meter testing room of the City Water Depart-
ment. An indicator not being available, the following test was made to
ascertain if an ordinary spring pressure gauge might be used to observe
the ram. The gauge selected was of the Schaefer & Budenburg make,
reading up to 300 pounds. It was carefully tested by a mercury gauge
and a table of corrections made out. The gauge was then connected to

a 2-inch iron pipe with a small plug cock in the connecting pipe, and
1st. Cock was shut and the 2-inch pipe was filled with water at a press-

ure of 46 pounds per square inch, the gauge stdl standing at 0.

2d. The cock was opened quickly, and the movement of the index
watched.

This test was repeated a number of times and developed the facts :

1st. That the movement of the index was almost instantaneous.

2d. That the index never passed the 50 pound mark, i. e.. its momentum
never carried it more than four and usually but two pounds past the

point of actual pressure. As the movement of the index was fully as

rapid as in any observed case of ram, and much more rapid than in the

majority of cases, the inference is that the gauge was quick enough to

record the maximum pressure and that the inertia of its moving parts

was not great enough to cause it to read much too high in the case of a

ram.

The experiments in the meter-room were made to determine the rela-

tion between the rani and the velocity when other conditions were un-

changed. The comparative velocity or discharge was determined by
running off about 10 cubic feet of water, noting the time of discharge

and then weighing the water to determine the exact quantity discharged

during the time noted.
A QUICK SHUTTING VALVE

was used to make the ram, and it was operated as uniformly as possible.

Two gauges were used, gaugeB at the quick shutting valve and gauge C
about ten feet distant and next to the air chamber, which consisted of

about 4 feet of 4 inch pipe. In passing from C to B the water flowed

through besides some pipe about 4 feet of heavy hose and a Crown
meter. The supply came through ^about 50 feet of 3-inch pipe from a 6-

inch main. The openings used to regulate the discharge were circular

holes in thin copper plates. The ram was obtained by observing the

maximum reading of the gauge. This was done with difficulty with the

larger rams only.

Five different openings were used, and the experiment repeated a

number of times with each.



THICKNESS OF WATER PIPE. 105

As may be seen in Plate V. these observations seem to indicate that

the ram is nearly directly proportional to the velocity when other con-

ditions remain unchanged, and a quick shuttling valve is used. This

would appear to confirm our deductions from Mr. Weston's experiments.

That the ram with a quick shutting valve should be nearly propor-

tional to the square root of the kinetic energy is not surprising when we
analyze the problem. Take a case as shown in diagram:

Tis a tank, T n, a pipe, Y, a stand pipe, n, a valve.

Lee S = area of cross section of stand pipe.

Let w = weight of one cubic foot of water.

When the valve n is open, the water in the stand pipe stands at 1 ;

when n is closed the ram elevates the water in I to the point 2. The
work done in raising the column of water to that height =

-Ei
a S w a s

aSwX
2 = -2T-

E =

The kinetic energy in the moving water while n is open —
W V s

When W = the weight of all the water in motion, E
t must be equal to

E, hence

Wv 2 SwE = a 2 and

or a is directly proportional to \/~E. a reduced to pounds per square

inch would be the ram observed at the foot of the stand pipe.

If instead of taking a stand pipe, we assume that all the energy is ab-

sorbed in stretching the pipe, the same method of proof may be used to

show that the ram would be nearly proportional to the \/E. With an
air chamber, however, the result should be different.

We now come to the case of ram with

SLOW SHUTTING VALVES.

Table C and Plate VI. show the values and results obtained by experi-

ments made in St. Louis within tiie past year. The same gauge was
used as in the meter room experiments. In each case a line of pipe was
selected which was connected at one end to a larger main and had no
other connection. After seeing that no air was contained in the pipe, a

fire-plug was opened on the line, the height and length of the jet, noted

and then the plug closed quickly at a rate as nearly uniform as possible.

The ram was measured by the gauge set on the next fire-plug farther,

from the connection.

The height and length of the jet were used to estimate the quantity of
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water discharged per minute.* After repeating this experiment a num-
ber^of times another fire plug was operated, etc.

The Bell Avenue line was a 6-inch main taken from a 13 inch. The Lin-

dell Avenue line was a 12-inch taken from a 36-inch main. The Beliefon-

taine road line was a 6-inch taken from a 12-inch main. The Delmar
Aveuue line was an 8-inch taken from a 12-inch. The Lafayette Ave-
nue line was a 6-inch taken from a 20-inch mam.

/oo /JO 300

In trying to formulate the observed values I first found that for each

line, when taken by itself, the average ram is, approximately speaking,

directly proportional to the product of the quantity of water discharged

per minute by the length of the pipe, measuring from the connection to

the fire-plug operated.

Comparing the 6-inch line with the 12-inch, I found that when the

*See Jorirn. Ass. Eng. Soc, June, 1886, The Efficiency of a Pipe System, etc.
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product of the quantity per minute by the length was the same, the ram
seemed to be inversely proportional to the 4th power of the diameter.

Comparing two 6-inch lines under different static heads, I found that

when the product of discharge by length was the same the average ram
seemed inversely proportional to the square root of the static head.

Combining these relations we get for an empirical formula:
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q — gallons discharged per minute from fire-plug.

1 == length of line in feet measuring from connection, with large pipe
to fire-plug operated.

D = diameter of pipe in inches.

H — static head at plug operated in pounds per square inch.

Ri ~ average observed ram or maximum pressure, less the static press-

ure, in pounds per square inch.

The above formula must be understood to represent only an algebraic
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expression of the average results of the experiments made, as unfortu-
nately they were not sufficient in number to warrant their use as a basis
for a theory.

In PI. VI. the formula is represented by a straight line through the
origin at an angle of 45° with the axes. The point for each experiment
is found by laying off the ram as calculated by the formula as an abscissa,

and the average observed ram as an ordinate.
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lt will be noticed that two of the pipe lines give points falling wide of

the formula line. There are reasons why these lines do not disprove the

formula. In the case of Delmar Avenue, the line operated was an 8-inch

pipe, which received its water through two long lines of 12-inch. Part
of the observed ram may then have been due to the long lines of 12-incb.

In the case of the Bellefontaine road, the fire-plugs were of a different

pattern from those used on the other lines. The valve stems of these
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plugs had a screw of 7 threads to the inch, while the valve stems of all

the other plugs used had a screw of only 4 threads to the inch. We see
that the valves on the Bellefontaine road were necessarily closed more
slowly than the others, and the ram was smaller in consequence.
Column 10, Table C, gives the difference per cent, between the ram as

calculated by the formula and the average observed ram.

rru 1.2 g I .ine expression in part conforms to our preconceived ideas, but

in part only. It was to be expected that gand I would appear in the nu-
merator. That D should appear in the denominator is not surprising, but
that it should be to the 4th power is quite so. H^i appearing in the
denominator is also unexpected. We see that the formula is quite dif-
ferent from that deduced from Mr. Weston's experiments with a quick
shutting valve.
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In the above experiment very rough methods were used. Rough
methods, however, would be little objection for this work, could enough
experiments have been made to have equalized the errors. Great pre-
cision in work of this nature is unnecessary, as in using our formula
after we have derived it we must always work with data which are not
precise. For example, if we wish to compute the ram at a given point
in ah imaginary pipe-line to be connected with our system, I and D are
the only quantities which are known precisely, as H will fluctuate from
hour to hour and from day to day, and q must be calculated from data
more or less unknown by some formula not infallible.

Not being in position to pursue my experiments further at present, I
desire to put them on record for what they are worth. A great many
experiments must be made before the problem of ram can be fairly
handled. If each one, however, who has the facilities for making a few
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experiments will give some of his time and energy to the cause, much
may be done. Let him lay out his work with methcd, eliminating as

many factors as possible from each series of experiments, the better to

determine the remaining ones, and record his experiments in the most
proper manner.

Assuming the formula derived from my experiments to be correct, it

will only be true for the particular form of fire-plug used with a 5-inch

valve and a 8-inch nozzle.
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Fire-plug manufacturers who use the gate-valve claim that the ram is

less with the gate than with the plug valve, and they are probably

right.

The fire-plug gives or should give about the maximum ram to which
city mains are subject, as private consumers will seldom draw through

one opening the size of a fire-plug nozzle. The rams produced when a

main is filled in an improper manner after making connections or re-

pairs, may be much greater than that given by closing a fire-plug. These
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rams may, however, be kept within any required limit by the proper

proportioning of air vents, etc.*

If, then, our maximum ram is to beproduced by the fire-plug, should

not great attention be given to fire-plug rams? If it be true that a gate-
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valve hydrant will give less ram than a plug-valve hydrant, why not use

a lighter pipe where the former is in service ?

If a 3-inch hydrant nozzle will give more ram than a 2^-inch nozzle, as

we have every reason to suspect, why not use lighter pipe with the latter

than with the former? Some day, perhaps, we shall have a co-efficient

determined for each form of fire-plug to be used in our ram formula.

All the experiments mentioned in this paper were with lines supplied

from one end only. When we have mastered these it will be well to in-

vestigate lines supplied from both ends, then lines of varying cross sec-

tion, etc. Lines supplied from one end are, however, first in importance,

as in a city pipe system usually at least half of the pipe lines when first

laid are supplied from one end only, and are in that condition subjected

to their hardest treatment. Later on they are probably connected up
by cross lines and the rams lessened in consequence.

Until more experiments have been made, we may fairly make the fol-

lowing assumptions as to the ram in pipes supplied from one end :

I. If the diameter of pipe and the fire-plug be given, the greater the

length of line the greater the ram, within the limit of lengths of dead-

end lines for city use.

II. If the length of pipe and the fire-plug be given, the greater the di-

ameter of pipe the less the ram.
III. If the length and diameter of pipe be given and the fire-plug valve,

the larger the plug nozzle the greater the ram.

*See Journ. Ass. of Eng. Soc, August, 1887, Draining and Filling Mains;.
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•Comparing these prepositions with our true formula for thickness, we
see that a pipe which would be perfectly safe under a certain static head
in one part of our system may be too light for another part under the

same static head. This may in part account for the difference in for-

mulas and the difference in practice in cities and towns.

Kou may hear an engineer say : "I tried light pipe, but I have come
back to the old heavy weights," while another will say. " I can point out

several places where light pipe have been used for .years with success."

Probably neither of these advocates will ever think that the static press-

ure is not the only variable in the conditions of a city pipe.

I remember a case on Papin street, in this city. Several years ago the

line in question was a "dsad-end" and was continually springing a leak

in the joints. The street was nearly always torn up at some point by
our repair gang. A gauge put on the line showed severe and frequent

rams from the service. Some months later the line was extended to

reach a new cross-line, so that it should be supplied from both ends.

Since that connection we have rarely had a leak in that line. Now the

static head was the same under both conditions, and by all pipe formulas

the same weight of pipe should have been used in the last arrangement

as in the first.

If our experiments have not much misled us, under ordinary conditions

the length of a line of pipe of small diameter is more important than

the static head in determining the maximum pressure. Is it not then

time that we take the length of a line into account in estimating thick-

ness of pipe ?

Although it would hardly be proper to deduce a formula from the

experiments herein described, we may keep the following points in mind
when choosing our pipe :

, The farther from the reservoir or stand pipe we get the heavier our

pipe should be, other things being the same.

Small pipe should have a greater proof strength than large to have the

same factors of safety when used under the same conditions.

In connection with this, it may be said that large pipe should have a

TABLE A.—BAM WITH QUICK CLOSING VALVE.

1 Diam- Velocity of
.

O b s erved
|eter of flow in 6- Kinetic en- ram, m
open- in. pine, ergy. lbs. per
ing in in feet sq. in.
inches. per sec.

1 2 3 4 5 6 7

R
V E=2Wv V E R VE

b. r

-1r1

IX .0294 25.04 5.0 26.9 5.38 6 in pipe,111.3 ft.

58.4
"

3-16 .071 146.1 12.08 72.8 6.03 2

H .15 652.1 25.53 129.3 5.06 IV* 99.3
"

w
v 5-16 .188 1,023.1 32. 158.7 4.96 1 4. '

i (

Vs .0288 6.834 2.61 15. 5.75 6 181.3
"

3-16 .074 45.26 6.73 35. 5.20 4 65.5
"

H .15 185.16 13.60 66.7 4.90 M 3.5
"

5-16 .19 284.7 16.87 76.1 4.51 2 1.1
"

m % .28 645.5 25.4 106.3 4.26 \v°. 6.6
"

\ a .58 2.768.6 52.6 177.5 3.37 1 5.8
"

"In this series the water flowed' through the above pipes in the order given in Col. 7.
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greater factor of safety on account of its greater importance, but admit-

ting this, ihe difference in factor of safety will hardly be chosen great

-enough to balance the great difference in ram, so that the proof strength

-of small pipe will usually be greater than that of large as required by

the older formulas, and not as Mr. Baermann would have it.

The larger our fire-plug nozzles or other openings, the heavier our pipe

should be, and we should also take into account the rapidity with which

the openings are to be closed.

In designing pump mains the length and changes in velocity of flow

^re of as much importance as the static pressure.

If these propositions he true, in choosing our water pipes we should

not follow blindly any of the present established formulas. Until a bet-

ter one is derived, we may, by tempering our formula with intelligent

judgment, gain in both saving and safety.

TABLE B.—RAM WITH QUICK CLOSING VALVE.

Diameter of open-
ing in inches.

No. of ex-
peri-
ments.

Water discharged
in cu. ft. per sec.

Average ram at
gauge B, in lhs.

persq. in.

Average ram at
gauge C, in lbs.

per sq. in.

1 2 3 4 5

1m
H

6
5

6

5
4

.304

.243

.149

.072

.020

72
70
49
22
6

54
56
34
13
2

N. B.—Ram is taken as maximum pressure, less static pressure.
Static pressure B, ; 44 lbs. C, 51 lbs.

TABLE C—RAM WITH SLOW-SHCTTING VALVE.

6 _ — - Ba? .5 <y
x)

2* o
ft

-^ '3 °.P a >

c

be
p
a
Si

X
"'d ^ .a nB 3 2 a CO Difference.

Street.

o
u
o
o
s
03

Ojjg

13
© S-2 c6

igth

of

p

set

from

ection

t

lug

runn

co a
£ «i

2 3 .

3

a
2

Cfi

bll

? =3

„ 1.2 q IR- *,

o a p-d bo o'«Cfl c3 > h
'= Q fc © J CO M «J

1 2 3 4 5

I

6 7 8 9 10

D Q jy

1.2 9 J

J? lbs.z)4 jys per
cent.

Lafayette.
1

6
6

6
4

600
510

30
300

12
10

5
44

5±
50 6 14

2 6 5 340 650 8 72 51 —21 -29
3 6 5 240 980 6 90 81 -9 —10

Bell. 2 6 9 910 500 40 66 60 -6 —9
3 6 5 840 720 40 88 104 16 18
6 6 7 580 2070 36 187 180 -7 -4

Lindell. 4 12 4 1400 3150 52 35 41 6 17
9 12 fi 1210 8600 35 102 92 -10 -10

Bellefontaine. 1
2

6
6

3
3

650
520

570
1080

64
64

43
65

28
44

7 fi 4 330 4320 68 159 69
8
9
10
1

2

3
4
5

6
6
6
8
8
8
8
8

4
4
7

4

5
4
4

4

340
360
370
1210
1140
960
880
730

4720
5150
5700
435
930
1785
1890
2640

68
69
74
40
35
32
29
24

179
206
226
24
52 .

89
90
115

93
108
107
66
106
112
109
166

Pelmar.

N . B.—Ram is taken equal to maximum pressure less 3tatic pressure.
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PROCEEDINGS.
BOSTON SOCIETY OP CIVIL ENGINEERS,

January 16, 1S89 :—A regular meeting was held at the Society's rooms,
Boston & Albany Railroad Station, Boston, at 19:30 o'clock, President Fitzgerald

in the chair, thirty-nine Members and nine visitors present.

Tee record of the last meeting was read and approved.
Messrs. Arthur G. Fogg, Henry M. Howe, Walter H. Richards and Walter S.

Whiting: were elected Members of the Society.

Mr. William O. Webber, Brookline, Mass., was proposed for membership by
A. W. Locke and Desmond FitzGerald.

The Secretary read a letter from the Engineers' Club of Kansas City, inviting

an expression of the views of the Society upon the advisability of providing means-
for the transfer of Members from one local engineering society to another, oir

change of residence. The letter was referred to the Government to report its

recommendation at the next meeting.

The Secretary presented for the Government recommendations that the annual'

dinner and the annual meeting be held on different evenings, and that a com-
mittee be appointed to consider the advisability of revising the Constitution.

On motion of Mr. Fuller, the first recommendation was adopted and it was
voted to appoint a committee to arrange for the annual dinner, to take place on
the second Wednesday in March. Mr. Henry Mauley was appointed as that com-
mittee, and the sum of $50 was appropriated for the general expenses of the

dinner and placed at his disposal.

On motion of Mr. Tilden, the second recommendation of the Government was
adoDted and the President was authorized to appoint a committee of five to con-

sider if any changes in the Constitution and By-laws are advisable and to obtain

the views of the Members of the Society.

The President named as that committee Messrs. F. P. Stearns, S. E. Tinkbarn,.

E. H. Lincoln, G. F. Swain and H. M. Howe.
On motion of Mr. Freeman, the Treasurer was authorized to pay $4 of the en-

trance fee of those who were formerly Members of the Society and resigned in

good standing, this to apply only during the current year.

The Secretary then read, in the absence of the author, a paper entitled '' Duty
Trials of Pumping Engines; a Plea for a Standard Method of Conducting Them,"
by Mr. George H. Barrus. Mr. J. A. Tilden discussed the paper briefly and Mr.

J. E. Cheney gave a short account of the method pursued at the duty trials of the

new pumping engines at Chestnut Hill, The subject was further discussed by
Messrs. Coggeshall, Fuller and Stearns.

[Adjourned."] S. E. Tikkham, Secretary..

ENGINEERS' CLUB OF ST. LOUIS,

January 2, 1889.—299th Meeting.—The Club met at Was-hington University

at 8:10 p. m., President Meier in the chair, forty Members and four visitors pres-

ent. The minutes of the 298th meeting were read and approved. The Executive

Committee reported the doings of its 63d meeting, approving the applications for

membership of F.W.Abbott, L. Bartlett, 0. W. Ferguson, A.N. Milner, Lv.

Parker and H. R. Stanford. They were balloted for and elected.
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An application for membership was announced from Edward F. Wall, of the

City Water Department. His indorsers were W. W. Penney and M. L. Holman.

Mr. Robert Moore then read the following:

St. Louis, January 3, 1889.

To the President and Members of the Engineers'' Club of St. Louis:

Gentlemen: Your Committee appointed in May last to co-operate with the Kan-

sas City and other engineering clubs in their efforts to prevent the further con-

struction of uusafe highway bridges, having considered the communications from

the Engineers' Club of Kansas City (dated May 14, 1888), from the Western So-

ciety of Engineers (dated June 13, 1888) and from the Indiana Society of Civil

Engineers and Surveyors (dated June 19, 1888), which have been referred to

them, beg leave to report

:

That these communications ask for an expression of opinion by this Club upon
various propositions or suggestions, which are in substance as follows :

1. That the supervision and inspection of highway bridges should be placed in

the hands of a State engineer.

2 . That the law should establish certain standard general specifications for such

bridges.

3. That in order to facilitate the employment by county boards of engineers to

prepare plans and specifications for highway bridges, a scale of charges for such

work, similar to that in force among architects, should be adopted by the engi-

neering clubs.

4. That a convention of delegates from various engineering clubs should be

held to consider and act upon these and other propositions looking to the con-

struction of better highway bridges.

Taking up these propositions in order, it is the judgment of your Committee, that

no improvement upon the present vicious methods of highway bridge construction

can be looked for until such bridges are brought under the supervision of skilled

engineers acting on behalf of the public. But under the conditions actually found

in all the Western States, the only practical way to secure such skilled supervis-

ion is to place work of this kind under the general charge of an engineer or engi-

neers appointed by the State. To expect that county boards will of themselves

place work of this kind in competent hands is in the great majority of cases an

utterly delusive hope. The requirements for such work are so poorly understood

and appreciated by such boards that the adviser whom they would select would

be the cheapest man or the one most favored by local influences rather than the

most competent. Moreover, the cost of really skilled advice and supervision can

be made less onerous if the counties act together as a state than is practicable by

independent action—a consideration of much importance to the poorer com-

munities.

As regards the scope of the State engineer's control, we think it would be well

to provide that the plans and specifications of all bridges exceeding a certain span

should be subject to his approval before erection and that for all the more im-

portant structures he should appoint a competent inspector to see that the plan is

faithfully carried out, this inspector to be paid by the counties for whom the work
is done.

We should also make it the duty of the State engineer to at once examine into

and report upon the causes of all failures of highway bridges, and, whenever pos-

sible, locate the responsibility, such reports to be promptly published in full in

the local newspapers. The certainty of such examination and publicity would of

itself prevent many of the grosser frauds which are now practiced with impunity

by unscrupulous contractors and be a stroDg stimulus to vigilance on the i art of

those in another city.

If competent supervision of the kind indicated be provided by the State, we
doubt very much the propriety of enacting by law any general or standard speci-

fications applicable to such work. The requirements of different locations are so
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unlike and the art of bridge building is iu >uch a formative aud growing state

that any stereotyped requirements would lie likely to work harm rather than
good. It would be better to leave all such matters to the judgment of the engi-

neer, who can, if he chooses, adopt general standards for his own convenience and
the guidance of others, but will be free to change them as the teachings of ad -

vancing knowledge and experience shall dictate. With full responsibility laid

upon him he is much more likely to be over cautious than to be over bold, and
there is little danger that the public safety will suffer.

That the general adoption by engineers of a scale of minimum charges for the

preparation of bridge plans aud specifications and the supervision of the work,
as suggested in one of the communications referred to us, would be a matter of

great convenience to the engineers themselves, and greatly facilitate the employ-
ment of experts by the counties and towns, we very fully admit. At the same
time, we think that the number of members of the various engineering associa-

tions who have any special experience or interest iu bridge work is so small that
these associations are Dot in a position to act intelligently upon a matter of this

kind nor justified in acting at all. Action of this sort, moreover, at this time by
these associations would favor the belief that the chief object of the present move
ment was professional compensation rather than the public safety, and thus

deprive it of the public sympathy and support which is essential to success. We
think, therefore, that any action upon this matter should be confined to those who
are specially interested, and that the clubs, as such, should do nothing at all.

The suggestion that there should be a conference of representatives of various
engineering societies, with a view to some united recommendation to the State

Legislature, seems to be a good one, and if such a conference be called by either

of the clubs which have taken interest in this subject, this Club should be repre-

sented in it. Respectfully submitted,

Robt. Moore,
f

C. H. Sharman, - Committee.
A. W. Hubbard, \

On motion of Mr. Perkins this report was received and the Committee dis-

charged. On motion of Prof. Johnson the report was adopted as the sense of the

Club.

Mr. R. E. McMath called attention to the desirability of collecting and contrib-

uting engineering publications for the benefit of the Club's library.

Mr. N. W. Eayrs then read a paper on the " Interlocking System of the St.

Louis Bridge and Tunnel Railroad." The present system had been in use since

1883. Three stations were operated, one large one in East St. Louis and two
smaller ones in this city. An air compressing plant was operated at the east pier

of the bridge. The compressed air was carried to the three stations, where it was
used to operate pumps, which maintained a pressure on a second system of pipe

work, by means of water in the summer, and a solution of chloride of calcium

in the winter. A detailed description was given of the workings of the different

parts of the system. There was no loss of fluid, except by leakage, which was
small. Messrs. Bartlett, Holman and Sharman participated in the discussion

Mr. Thos. McMath then presented a paper on the " Peculiarities of the Citizens

Cable Railway." This system is quite extensive, some twelve miles being operated,

in three sections. The paper gave an interesting description of the various types

of grips in use, also the dies and the material of which they should be made;
method of taking and letting go the cable: also a description of the cable itself,

and the method of taking care of it. An explanation was given of the difficulties

that had been met with, and how they had been remedied. The author described

some improvements of his own which were in successful use. The paper was
illustrated by drawings and models. Messrs. Bartlett and Bryan took part iu the

liscussion.

In the general dis3ii53ioa, Mr. Wise, of ths city sewer department, exhibited a
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specimen of wood which had been found at a depth of 37 feet in good clay on

Sarah street. The specimen was undoubtedly of great antiquity. Mr. Holman
exhibited the bottom of a cast-iron meter which had been buried in the earth for

eleven years in front of the car stables, 1,827 Market street. It had become so

soft as to be easily whittled. He was unable to explain the cause of this rapid

deterioration. Water pipe would no doubt be affected in the same manner. The
decay might have been caused by a gas leak or the presence of foreign matter in

the soil

.

[Adjo-wiied.] Wm. H. Bryan, Secretary.

January 16, 1889: 300th Meeting—The Club met at Washington University

at 8:15 p. m , twenty-three Members and three visitors present. Both the Presi-

dent and Vice-President being absent, the meeting was called to order by the Sec-

retary, and Robert Moore elected Chairman. The minutes of the 299th meeting

were read and approved. Application for memberships were announced as fol-

lows: Henry Groneman, of the Bridge Department cf the city, indorsed by Carl

Gayler and Max G. Schinke: Nils Johnson, of the Water-Works Extension,

indorsed by M. L. Holman and J. A. Laird. The Committee on Permanent Quar-
ters for the Club reported a proposition from the Public School Library. One
from the Mercantile Library was expected before the next meeting.

The Secretary read a letter from the Secretary of the Engineers' Club of Kan-
sas City, calling attention to the desirability of providing for the transfer of

Members from one Society to another on change of residence. The question was
discussed by Messrs. Johnson, Bryan, Moore, Seddon and Smith. On motion it

was ordered that the consideration of this matter be made the special order for

the next meeting, February 6th. Mr. Carl Gayler then read a paper on
" Wrought-iron and Steel Eye-bars," calling attention to the difference between

European and American practice. He showed how, by the use of the testing ma-
chine, the form of the eye-bar had been greatly improved. He described the

standard forms in use, and their method of construction. He showed that

it was not safe to consider the strength of the complete eye-

bar as great as that of the bar proper. Wrought iron eye-bars had had their day,
and steel was now the metal almost universally employer) . The two difficulties

to be guarded against were overheating and an excess of phosphorus. The process

of annealing was cf benefit. The writer had recently tested twenty steel eye-bars,

full size, and the results were surprisingly good. The discussion was participated

in by Messrs. Johnson, Wheeler, Seddon and Moore. It was shown that while the

manufacturer might demand of the mills certain chemical proportions, the engi-

neer need not do so, as he wanted only physical results. It was shown that in

piling the wrought-iron plates for making the head of eye-bars, care must be
taken in placing the plates so that the fiber was parallel to that of the bar itself.

This fiber was always in the direction of the rolling.

The Secretary then read a paper by Prof. A. E. Phillips, of Lafayette, Ind., on
"A Burr Truss." As no drawings accompanied the paper, Mr. Hubbard made a
sketch of the typical truss in question. The paper was descriptive of a bridge near
Lafayette, Ind., and gave the results of an examination into its condition, which
showed it to be dangerous. The author's conclusion was that it should be re-

placed by a safe and more substantial structure. The discussion proved quite

interesting. Mr. Smith told of a similar bridge over Mill Creek, Cincinnati,

which bad been used for many years, and was now in good condition. The arch
was of beechwood, firmly built into the masonry. Mr. Moore mentioned a wooden
bridge which to his knowledge had stood nearly fifty years. In bis opinion their

long life was due to the fact that the assumed load was never reached. Mr. Gay-
ler mentioned bridges in the old country over 100 years old. Parts showing the

slightest deterioration were immediately replaced, by which method it was pos-

sible to maintain them indefinitely.
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Mr. Hubbard spoke of the difficulty of calculating strains. Mr. Seddon said

that possibly the elasticity of wooden bridges permitted them to stand shocks

better than iron. Professor Johnson gave some of the characteristics of wooden
members.

Tbe Secretary read a memorial to the State Legislature of Missouri and the

draft of an Act to Promote the Safety of Bridges, which had been prepared by
the Engineers' Club of Kansas City.

On motion, it was ordered that a committee be appointed to draw up a memorial

to the Legislature indorsiug the bill. Messrs. Seddon, Johnson and Gayler were

appointed such committee.

[Adjourned.] Wm. H. Bryan, Secretary.

WESTERN SOCIETY OF ENGINEERS.

January 8, 1889 :—The Annual Meeting (254th of the Society), was held at

Weber's restaurant, No. 66 Washington street, at 5 o'clock p. m., President Gott-

lieb in the chair. About forty Members were present.

The minutes of the last meeting were read and approved, after the Secretary

had announced that one of the nominees for President, Mr. Chas. L. Strobel, had
withdrawn bis name, and so notified the Members, and that the nominee for Treas-

urer, Mr. E. C. Carter, was unable to serve, and the name of H. W. Parkhurst

had been substituted.

Ballots were then called for from those who had not voted, and the following

tellers appointed to canvass the vote : Messrs. Williams. Ai tingstall and Carter.

The resignation of Mr. G. R. Bramhall, Chicago, and of Mr. E. T. Blake, St.

Joseph, Mo. , were received and accepted.

The following were proposed for membership:
Mr. A. D. Whitton, Chief Engineer, U. S. Construction Company, Chicago:

Mr. L. L. Wheeler, IT. S. Assistant Engineer, Improvement Illinois River,

Chicago; J. H. Flagg, Assistant Engineer, Survey Illinois River, Chicago.

The Secretary stated that he had received several communications in regard to

the inequity of the present dues, as between resident and non-resident members.
and in response thereto, he submitted the following amendments to the By-Laws,

Article V.

:

ARTICLE V. AS NOW IN FORCE.

Section 1 . The entrance fee shall be five dollars (§5) ; said amount So accom-

pany each application for admission and to be returned if applicant is rejected.

Sec. 2. Members residing in Cook County shall pay dues at the rate of eight

dollars and fifty cents (§8.50) per year. All other members, of every grade, shall

pay at the rate of seven dollars and fifty cents (§7.50) per year.

Sec. 3. All dues shall be paid to the Secretary semi-annually, on or before the

first regular meeting in January and July of each year.

PROPOSED AMENDMENTS OF SECTIONS 2 AND 3.

Section 2. Members residing in Cook County, Illinois, or having a permanent

place of business in the city of Chicago, shall pay dues at the rate of ten dollars

($10) per year. All other members, of every grade, shall pay at the rate of five

dollars (?5) per year.

Sec . 3. All dues shall be paid to the Secretary, and are payable on or after

the annual meeting in January of each year.

Mr. D. C. Cregier submitted amendments to Article V. by adding the following

sections

:

Sec. 4. Any Member who has paid annual dues for a period of twenty years

consecutively, shall thereby become a Life Member, and thereafter be exempt

from the payment of annual dues, and shall be entitled to such membership cer-

tificate, signed by the President under the seal of the Society, attested by the

^Secretary.
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Sec. 5. Life Members shall be entitled to exercise all the rights and privileges

prescribed for full Active Members, and shall be subject to all the provisions of

the By-Laws of the Society, except as herein provided .

These amendments were laid over, under the rules, for discussion at the next

meeting.

The report of the officers being in order, the retiring President, Mr. Gottlieb,

spoke informally in regard to the work of the year. He referred to the change in

-quarters, which was a necessity, but which had not been an improvement, and hoped

that something definite might be done in providing better arrangements during

the coming season. The matter had been referred to the Trustees, and he as one

of them had endeavored to obtain some consideration and action in regard to it,

but had not met the encouragement which the situation had called.for. He thought

the society could popularize its work in many ways; that its meetings might par-

take of a more social character, and that more attention should be invited from
the press.

The Vice-President, Mr. Weston, also spoke informally in the same direction.

The Secretary submitted bis annual report, as follows:

ANNUAL REPORT OF SECRETARY FOR 1888.

lucluding the annual meeting at the beginning of the year, eleven meetings

have been held. The present membership is 191, as follows : Members, 187
;

-Juniors, 1 ; Associates, 2 ; Honorary, 1. The .number elected during the year

was 14, the number of res ;gnations 15 and deaths 3., A large proportion of the

resignations were from non-residents who have joined other societies of the As-

sociation.

Tne receipts from all sources have been $1,466.89, and about $300 is 'due and
remains uncollected. This delinquency is most largely in the special assessment

of $2.50 authorized as an increase in dues by amendment to By-Laws in March
last, and ordered collected in June. The receipts virtually cover all obligations

for the year. A detailed exhibit of receipts and expenditures will be presented by
the Treasurer.

In May last, the Society was compelled to change its quarters to less desirable

•ones, and it has not been practicable since to hold the meetings at the regular

time provided in the By-Laws. Notwithstanding this, however, there has been a

.gratifying increase in attendance and interest at meetings.

During the year much interest has been exhibited in a permanent home for the

Society, a place always open to members, the library and exchanges fully avail-

able for use, with the Secretary or an attache in attendance. The matter was
referred to the Trustees, but no action has been reported. It is believed that it

will be practicable to unite with the Architects for such an object.

If another hundred members are added to the Society it will provide a return

d.500. which will probably be sufficient to inaugurate this change. With
such a purpose in view, a systematic effort will no doubt secure the necessaiy ar-

rangements before the first of May. The material for a society of 400 to 500

members is available, and no doubt the growth will be rapid and the Society

•home made correspondingly beneficial. It is a question for early consideration.

The work of the Society during the year has consisted more largely in the dis-

eussion of matters for the advancement of the profession rather than the reading

of papers. Th^ee papers have been presented, constituting with the written dis-

cussions a collection of 13 papers forwarded for publication. These papers were :

i-sification of Materials in Railway Construction," with their discussions;
*' Levels of the Lakes as Affected by the Proposed Lake Michigan and Mississippi

V^aterwaj7," with seven written discussions, and "The Necessity of a Determinate

Systems of Weights and Measures." In addition to the above, the Society has

ially disr-uvsed the proposed "Lakes and Gulf Waterway " and the " Re-
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organization of National Public Works," and special publications in regard to

these topics have been furnished to the members.

At the beginning of the year five standing committees were appointed, viz.

:

Board of Managers for Association, Finance, Library, National Public Works and
Harbors and Waterways. Of these, the Board of Managers has performed its

usual duties; the Finance, Library and Harbors and Waterways Committees

have made no reports. The Committee on National Public Works has collected

moneys, submitted progress reports and co-operated actively with the committees

of other societies in promoting the general object of its creation, and will submit

a financial statement and report at the next meeting.

The special committee on "Specifications for Highway Bridges" has submitted

general progress reports, the matter has been a prominent topic for discussion in

the society, and is still under advisement with a view to a measure of legislation.

The special committee on "Better Provisions for Rainfall Observation " by the

Signal Service submitted a report and were discharged. A committee upon em-

ployment has made a report which is now pending and a committee was ap-

pointed upon Drafting Material and Scales and still has the matter under advise-

ment.

The Society has memorialized Congress in regard to national public works, and

also in regard to better provision for rainfall observations by the Signal Service.

The Secretary records the death of three members during the year: Mr. Chas.

Latimer, Wm. L. Baker and Michael McDermott. A committee has reported a

suitable memorial in regard to the first two.

The Secretary cannot close without expressing his profound conviction that the

circumstances of the last twenty years have profoundly changed the purposes for

which our engineer organizations should exist. Formerly, technical instruction

and social improvement were the primary aim. The first is now so largely fur-

nished in a multitude of ways that it is]no longer a cementing agency, and the

conditions of the latter have greatly changed though uot diminished in importance.

I feel convinced that the one great purpose of professional organization is to pro-

mote the status and well being of the profession. The society has already ex-

hibited a gratifying movement in this direction which can be largely multiplied

during the coming year.

The Treasurer submitted a statement, as follows:

TREASURER'S REPORT FOR 1888.

Receipts.

Cash balance received from retiring Treasurer $29.90
" surplus from Committee on Morehouse Memorial and Supper 16.25
" received direct from Members for dues 38.00
" received from Secretary 926.42

Vouchers received from Secretary 456.32
§1,446.89'

Disbursements.

Rent of rooms 13 months, including January, 1889 $195.00

Printing proceedings, etc 76.70

Insurance of library .«.f
Paid on account of " Journal' o49.85

Repairs of book cases . . .
7.45

Exchange on checks received for dues b0

Secretarv's salary, 12 months 3™'°2
Sundry postage, etc 78.17

Expense of changing quarters 38.15

Assessment by Council on National Public Works 25.00

Balance in hands of Treasurer 163'97
$1m gfJ

Wm. S. Bates, Treasurer.

Mr. Williams announced the result of the canvass of the vote as follows :

Total number of ballots cast, 75. President: E. L. Corthell, 41; Chas. L.

Strobel, 27; L. E. Cooley, 2; R. F. Booth, 1. First Vice-President : Chas. Mac-

Ritchie, 38; Hiero B. Herr, 32. Second Vice-President: Samuel McElroy, 42 ;

Horace E. Horton, 26. Secretary: John W. Weston, 73; L. E. Cooley, 2.
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Treasurer: H. W. Parkhurst, 73; W. S. Bates, 2. Librarian: G. A. M. Liljen-

crantz, 74; J. C. Des Granges, 1. Trustee: Chas. FitzSimons, 75.

The President announced the election of E. L. Corthell as President; Chas. Mac-
Ritchie as First Vice-President; Samuel McElroy as Second Vice-President; John
W. Weston as Secretary; H. W. Parkhurst as Treasurer; G. A. M. Liljencrantz

as Librarian, and Chas. FitzSimons as Trustee.

In the absence of the President-elect, the First Vice-President, Mr. McRitchie,

was escorted to the chair and the new officers installed. The further proceedings

are reported by my successor. L. E. Cooley, Secretary.

The further proceedings of the evening were entirely of an informal character.

Some thirty-seven Members participated in the supper. Speeches were called for

from a large number present, who cordially responded, and indications gathered

therefrom showed a marked interest in the welfare of the Society, promising im-

mediate results for good.

Mr. Gottlieb moved, which was seconded and unanimously carried, that a

supper should ba a feature of the regular meeting for April.

[Adjourned.] John W. Weston, Secretary.

CIVIL ENGINEERS' SOCIETY OF ST. PAUL.

January 7, 1888:—The annual meeting of the Civil Engineers' Society was held

this evening. President Lowethand fifteen Members present. The minutes of the

last meeting having been read and approved, Mr. E. E. Woodman, Right of Way
Agent of the Chicago, St. Paul, Minneapolis & Omaha Railroad, was elected to

membership. After an address from the President upon the best methods of mak-
ing the Society useful for the coming year the reports of the other officers for the

past year were read.

The Society then proceeded to the election of officers for the coming year, with

the following result

:

Chas. F. Loweth, President.

S. D. Mason, Vice-President.

Geo. L. Wilson, Secretary.

F. W. McCoy, Treasurer.

A. Munster, Librarian.

The paper of the evening was read by Mr. W. W.Curtis upon "Stand Pipes

for Water-Works," illustrated by working drawings of the stand-pipes at Cedar
Falls, Iowa; St. Cloud, Minn.

After discussion of the paper the meeting adjourned.

Geo. L. Wilson, Secretary.

ENGINEERS' CLUB OF KANSAS CITY.

Jancaky 7, 1889 :—A regular meeting was held in the Club Room at 8 p. M.,

President Wm. B. Knight in the chair, Kenneth Allen, Secretary. There were
present eighteen Members and three visitors.

Minutes of the Annual Meeting and that of the Executive Committee were read

and approved.

Mr. Henry Goldmark and Capt. Gerald Bourke were proposed as Members.
On motion of Maj. O. B. Gunn it was voted that the Chair appoint a committee

of three to confer with Members, and if thought advisable, to provide for a ban -

quet to be held in the near future. Messrs. Mason, F. W. Tuttle and Kiersted
were appointed.

On motion of W. H. Breithaupt, amended by C. W. Hastings, it was voted that
the Secretary correspond with other local societies—more especially those of the
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Association—to obtain their views as to the advisability of providing for a trans-

ference of membership without payment of initiation fees or more than the an-

nual dues of one Society, and to state that the Kansas City Club was in favor of

such an arrangement.

The Secretary announced the appropriation of £40 for subscription to ten engi-

neering magazines.

On a canvass of ballots, the following were declared elected:

President, 0. B. Guun.

Vice President, W. H. Breitbaupt.

First Director, Wynkoop Kiersted.

Second Director, S. H. Yonge

.

Secretary, Kenneth Allen.

Treasurer, F. W. Tuttle.

Librarian, Frank Allen.

As associate member, Frederick C. Guun.
The retiring President, Wm. B. Knight, read an address. It was advised t<-

make efforts to enlarge tbe list of associate Members, and to add associates and
honorary Members. The benefit of united action in local societies in bringing

about uniform standards, measures, methods of work and legislation was urged.

The Club had taken active measures with regard to National Publk: Works and

Bridge Reform, and it was thought much could be accomplished in tbe conduct

of municipal work.

The following resolutions, prepared by C. W. Hastings, were adopted.

Whereas, Mr. Wm. B. Knight, the retiring President, was active in the organ-

ization of this Club two years since, and has been since then untiring in his

devotion to its interests and in his energy in advancing them ; and
Whereas, We believe that tbe present encouraging condition of the Club is due

to his management and work more than to that of any other individual ;

Resolved, That we desire to and do hereby formally express our gratitude to Mr.

Knight for his services in behalf of the Club.

On motion of Kenneth Allen, Mr. Kuight was unanimously chosen to represent

the Club on the Board of Managers of the Association of Engineering Societies.

The President elect then took tbe chair, and made a few appropriate remarks.

IAdjourned. ~\
Kenneth Allen, Secretary.
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LEVELS OF THE LAKES AS AFFECTED BY THE PROPOSED
LAKE MICHIGAN AND MISSISSIPPI WATERWAY.

By Geo. Y. Wisner and Others *

[Read before the Western Society of Engineers, Sept. 5, 1888, and at subsequent

meetings .]

Introductory: The Proposed Waterway.
Levels of the Lakes, etc., by Geo. Y. Wisner.
Discussion, by L. E. Cooley, L. M. Haupt, Clemens Herschel, J. B. Johnson,

Wm. Pierson Judson, Walter P. Rice, D. Farrand Henry, Benezette Williams.
Data pertaining to the outflow of the lakes.

Prefatory.

An effect upon the level of the lakes, injurious to navigation, by the

turning of a large volume of water across the Chicago divide, has been

intimated from quarters not in sympathy with the project for a great

drainage and navigation channel from Lake Michigan at Chicago via the

Desplaines and Illinois River to the Mississippi, and ultimately to the

Gulf of Mexico. These suggestions do not profess to be based upon any
technical consideration of the data, but have, nevertheless, been seized

upon with avidity by those opposed, for various reasons, to the realiza-

tion of any such project, and many doubts have thus been raised through-

out the Lake region and in the Mississippi Valley, and have even found
expression upon the floor of the U. S. Senate.

It has seemed very proper, therefore, that the Western Society of En-
gineers, as representing the profession most fully in the region in ques-

tion, should give a preliminary consideration to the matter from the

existing data. Accordingly, Mr. Wisner's paper has been laid before the

Society and discussion invited from others of long experience upon the

lakes or the rivers to be affected by the proposed contribution of water,

or those expert in kindred hydraulic problems. The oral discussions

have been of much interest, but have not been reported. The several

papers submitted, together with matter germane to the question, are

herewith compiled and publication authorized by order of the Society.

*Compiled and edited by L. E. Cooley, Member of Western Society of Engineers.
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Introductory : The Proposed Waterway.

For those unfamiliar with the general project, a resume of the essential

features is thought advisable. For a more comprehensive presentation

of the scheme, the reader is referred to a brief upon " The Lakes
and Gulf Waterway,'' published by the Citizens' Association of Chicago,

Januarj', 1888; and also to " The Waterway between Lake Michigan and
the Mississippi River, by way of the Illinois River."' by Robt. E. McMath,
Member of the Engineers' Club of St. Louis, published in the Journal
for August, 188S.*

In comparatively recent geological time, the three upper lakes

—

Superior, Huron and Michigan— discharged their waters across the

Chicago divide and down the Illinois and Mississippi to the Gulf. Lake
Erie was then a valley tributary to Lake Ontario, which, with Lake
Champlain, fed the St. Lawrence. Across the old divide from lake level

to lake level is but 30 miles, about one-half the distance being rock.

This rock lies but 8 feet above low water in the lake and but

4 feet above high water, and alluvial deposits to a height of 12

feet above low water are of limited extent. The obstacle is far less than

that overcome nearly seventy years ago in carrying the level of Lake
Erie by the Erie Canal from Buffalo and the Tonawanda River across

the mountain ridge to Lockport.

Around Chicago beach lines are well developed at about the right

elevation to give to the old outlet the discharging capacity of the present

Niagara. At 40 miles from the lake the valley is 77 feet below the

lake, and in 100 miles the head of the alluvial valley is reached in a

descent of 142 feet. The alluvial valley, with a wide and low flood plane,

much cut up by swamp and lake, extends for 225 miles to the Mississippi)

with a grade of only 26 feet. The evidence everywhere is significant

of the ancient outlet, and it is marvelous that the erosive forces should

have failed by so narrow a margin to maintain it, and in the epoch since

to have completed the grade to Lake Michigan. Then would Michigan

and Huron have been a hundred feet lower without material impairment

of area, and the outflow would have given a continuous depth of not less

than 30 feet to the Gulf of Mexico. How far can man realize the primi-

tive conditions?

The arable area of North America is largely embraced in two conti-

nental valleys or basins, or virtually one trough, extending from the

Gulf of Mexico by the lakes to the Gulf of St. Lawrence. The lowest

line of this trough, its thalweg, is necessarily the feasible route for a

continental waterway, and the summit is the Chicago divide, 200 feet

lower than any other pass from the basin of the lakes to that of the Mis-

sissippi. Eastward, the descent is almost entirely in rockbound channels

and by precipitous falls and rapids. Southward, it is on a grade through

alluvial plains. The improvement eastward demands but a small volume

of water, the levels maintained by dams and the descents overcome by

short canals and locks; the improvement southward demands a large

flow at seasons of low water to maintain a proper channel for naviga-

tion through the mobile alluvium. These considerations make evident

the treatment required for the greatest waterway, and we can believe

* For copies of these papers address the Citizens' Association, Chicago.
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that the largest useful depth is feasible and within the resources and

wisdom of the nation. If so grand a purpose is within engineering re-

source, all the relations of a project which only approaches it in a minor

and fractional degree can certainly be met, and it may well be so de-

signed that in a progressive development from present needs the greater

purpose can in some future be realized.

The Illinois & Michigan Canal, from Chicago to La Salle, 100 miles,

was completed in 1848, and in 1871 the summit level was cut down so as

to carry from 200 to 550 cubic feetper second by gravity, according to the

stage of water in Lake Michigan. This reversed the current in the Chi-

cago Eiver, and conducted to the valley, 30 miles from Chicago, the

major portion of the sewage of the city so far as it was undecom posed
by the time the canal was reached. The nuisance in the valley was so

great that in 1883 the city was compelled to erect pumps of 1,000 cubic

feet capacity per second, and these have been operated to about 800 cubic

feet during the past two years. The maximum capacity of the canal by
pumping is about 1,500 cubic feet.

At the present writing the sewage of about 800,000 population and a

host of waste-producing industries is nominally tributary to the canal,

but no inconsiderable proportion is quite decomposed before the canal is

reached, and all is more or less "oxidized," so that the condition of the

canal by no means represents the pollution which would be occasioned

by fresh sewage. The present contribution to the Illinois Valley is the

cause of loud protests.

That some radical solution of the situation would be required has been
recognized in some degree for ten years. In 1885 a committee of the

Citizens' Association carefully reviewed all the feasible plans, and con-

cluded that a ship canal carrying a large volume of water to the Illinois

was altogether the least expensive, and at the same time covered the

costly section of a deep waterway to the Mississippi. The volume, so far

as then discussed, was assumed at 10,000 cubic feet per second.

During the following year, a drainage commission was organized and
expended §65,000, but did not complete its work and make a final re-

port. Its preliminary report of January, 1887, rejected all other solutions

on account of cost, and recommended the ship channel with a minimum
capacity of 10,000 cubic feet. As a channel of this capacity and not less

than 160 feet wide and 22 feet deep, it was favorably reported by a joint

committee of the General Assembly of Illinois in the spring of the same
year.

The estimate at that time on the dilution required varied from 250 to

350 feet per second for each 100,000 of population. The recommendation
was considered sufficient for 2,500,000 population, and was equivalent to

400 feet per second for each 100,000 people. This larger estimate was,
however, based on the capacity required to keep the sewage from backing
out into the lake when the channel was taxed by storm water from the
tributary water-shed.

The observations since made indicate that the larger ratio of dilution

may be required for a satisfactory sanitary condition, though the ques-
tion has not been conclusively determined. Additional light will be
thrown upon the matter by the observations now in progress by the
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State Board of Health. The probable growth of population is, however,

greater than hitherto estimated, and whatever ratio is finally fixed upon,

10,000 cubic feet per second will provide for a brief enough time in the

future.

The present population of the metropolitan area, Chicago and imme-
diate suburbs, is 1,025,000, a growth of 450,000 in the last eight years, and

the probable population is 1,175,000 in 1S90. The normal growth curve

indicates a population of 3,000,000 in about twenty years, while the most

pessimistic analysis cannot assign over thirty-three years. Considering

the political agencies to be provided and the interests of the State and
Nation, it will be not less than six to eight years before the work can be

completed.

This volume of water will render the improvement of the Illinois a

very simple matter, will give 7 feet without locks and dams in the

alluvial section, a depth which can be increased to 14 feet by dredg-

ing. The government is now engaged in the consideration of a project

for this depth of water on the basis of this contribution from Lake
Michigan. It will also add not less than 1 foot to the depth for naviga-

tion from the mouth of the Illinois to Cairo and 6 inches below Cairo.

The present project for the improvement of the Illinois is by locks and
dams for a light draft steamboat navigation, and a limited proportion of

the work to reach Lake Michigan has been done. The natural con-

servatism of the official mind is most difficult to change in favor of a

bolder and more useful project from an unauthorized source.

The deep channel proposed is economical for carrying a large volume

of water and for easy navigation, and will provide much needed harbor

facilities for vessels of deep draft. It will also cover one-half the cost of

carrying 20 feet of water 300 miles from Chicago, thus, for practical

purposes, adding another lake to the great chain and extending a com-
merce, which has shown phenomenal growth in recent times, while

marine interest elsewhere show decadence.

The following series of papers relate to the effect upon the lake level

of abstracting 10,000 cubic feet per second through an artificial outlet.

Other questions have been raised, as, for instance, the damage to result

in the valley from the addition to present normal flow. This is not im-

portant, however, as under the most unfavorable assumptions the aggre-

gate cannot exceed a small percentage of the proposed outlay. This

matter has been considered and the objection is not now raised except to

secure proper legislative provision.

No ioubt, legislation expressing the will of the State of Illinois and
providing the necessary political machinery to enable Chicago to under-

take this work will be had during the session of the General Assembly

of 1889.

" LEVELS OF THE LAKES, ETC."

By Geo. Y. Wisner, Member of the American Society of Civil Engineers.

The elevation of the lake surfaces for any given year is a function of

the volume of rainfall on the drainage basin, the amount of evaporation

and the outflow through the river system.

The rainfall and evaporation for Lakes Michigan and Huron each vary
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from 20 inches to 30 inches per annum, but are seldom equal for the

same year. Years of maximum rainfall are often those of minimum
evaporation and vice versa.

. For this reason the rainfall and water level curves are seldom sym-

metrical for any two consecutive years.

The clearing up of the dense forests which formerly surrounded the

lakes has undoubtedly had a modifying influence on the fluctuations

of the water surfaces. In cases of heavy freshets, the water finds its

way into the main streams and thence into the lakes in a few days, where

formerly it would have been held for weeks in the immense swamp res-

ervoirs which existed throughout the surrounding forests. The ground

being subjected to greater extremes of drought, the average evaporation

is less and the volume of water that finds its way to the lakes is conse-

quently greater than formerly.

These fluctuations of the lake surface have only a relative bearing on

the question of effect of outflow on the lake levels, and need not be con-

sidered in this discussion.

The probable effect of withdrawing from Lake Michigan or from the

St. Clair and Detroit rivers 10.000 cubic feet per second (the amount pro-

posed for the discharge through the waterway) is not susceptible of an
accurate determination from the data that can now be obtained ; yet it

would seem that with the knowledge we have of the physical features of

the river system a much closer approximation ought to be arrived at than

the various estimates that have been made would indicate. As it may
be several years before complete data for a full discussion of the flow of

water through the river svstem is obtained, it is desirable thatthe change

of lake levels, due to the withdrawal of a portion of the discharge to

supply artificial outlets, should be determined as closely as possible from
the knowledge now at our disposal.

The only determination that has been made of the discharge of the St.

Clair River is that made by the U. S. Lake Survey during 1867, 1868

and 1869, which for the mean level of Lake Huron gives a discharge of

about 225,000 cubic feet per second.

Mr. Chas. Crosman, in his receat " Chart of the Fluctuation of the

Lake Surfaces," gives the mean discharge for the St. Clair River

as 225,000 cubic feet per second, which is probably approximately cor-

rect.

The difference of the mean levels of the water surfaces of Lake
Erie and Lake Huron is 8.4 feet distributed along the river system as

follows:

Detroit River, 21 miles 3.0 feet

Lake St. Clair, 16 miles 0.0 feet

St. Clair River, 41 miles 5.4 feet

The greater portion of the fall va the Detroit River is in the lowe six

mile?, in the vicinity of the Lime Kiln crossing. The St. Clair River at

the foot of Lake Huron is about one-half mile wide, and in a distance of

2,500 feet down stream narrows up to 75l) feet in width, and for the dis-

tance of more than a mile flows with a mean velocity of about 7'5 feet

per second, or 5 miles per hour. From the foot of these rapids to the head
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of the delta, 12 miles above Lake St. Clair, the river has a large cross

section, and flows with nearly a uniform velocity. of 3.0 feet per second,

or two miles per hour. From the above it is evident that most of

the fall must occur at the rapids and in the delta above Lake St.

Clair.

On page 607 of the Final Report of the U. S. Lake Survey, the slope of

the river at St. Clair is given as 0.5 inch per mile. This, however, seems
somewhat small, for by taking numerous cross-sections of the river

between Port Huron and the head of the delta and applying Kutter's

formula, a slope of 0.75 inch per mile is found necessary to give a dis-

charge of 225,000 cubic feet per second. Applying the same formula for

the cross-section at the rapids, a slope of 10 inches per mile is obtained

for the same discharge. The fall at the rapids will be increased by the

head required to produce the high velocity. The 5,4 feet fall of the St.

Clair River must consequently be distributed somewhat as follows:

Lake Huron to foot of rapids, 1.5 miles, about 1.90 feet.

Foot of rapids to head of Delta, 28 miles, 0.75 inches per mile 1.75 "

Head of Delta to Lake St. Glair, 11% miles, 1.8 inches per mile. ,..,.. 1.75 "

From a consideration of the above physical features of the St. Clair

River, it is evident that a change of level of the water surface of Lake
Huron would not materially affect the slope of the main river, but would
have its principal effect on the slope of the rapids. This is well illus-

trated by the discharge observations made at St. Clair in 1867. The
results for discharge on different dates have ranges of over twenty per

cent, of total volumeof discharge with scarcely any change of the gauge

reading at the place of observation.

This change of velocity of current was undoubtedly due to fluctuation

of the water surface of Lake Huron caused by winds and changes of

barometric pressure. These fluctuations probably varied from 6 inches

to 2 feet in amplitude, and yet the effect on the height of water at St.

Clair was hardly noticeable. Taking the mean velocity of the current at

the rapids as 7.5 feet per second and the slope at 10 inches per mile for

a mean stage of water in Lake Huron, a change of 10,000 cubic feet

per second in the volume of discharge would correspond to a change of

2.0 inches in the slope on the rapids, and the change in head due to

velocity would be about 0.75 inch. As the water level below would be

affected about 0.5 inch, the total effect of change of volume would be

equivalent to a change of 3.25 inches in the lake level. As this difference

would diminish rapidly for lower stages of water, it is probable that the

low water level of the lake would never be affected to exceed two inches

and a half by withdrawing 10,000 cubic feet per second from Lake Mich-

igan for the proposed waterway. The lowest stage occurs in winter,

when navigation is closed.

The area of the surfaces of Lakes Huron and Michigan is 46,250 square

miles, as given by the latest determinations. Ten thousand cubic feet of

water per second taken from Lake Michigan for waterway purposes

would lower the surface of these two lakes 3 inches per year if con-

sidered independently of the natural outlet and without inflow or

evaporation. The annual rise of the lake usually covers a period of

about four months, and consequently the variation in the yearly fluctua-
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lion of the lake surface due to withdrawing such a volume of water

could not exceed one inch.

There are other physical features of the river system taken as a whole

that have a modifying influence on the slope and velocity of the river.

The water level of Lake St. Clair is to a great extent governed by the

depth of water at the Lime Kiln crossing near the mouth of the Detroit

River, and as a change of 10,000 cubic feet per second in the discharge of

the river would produce but a very slight change in the water level at

this point, the level of Lake St. Clair would remain practically un-

changed, and consequently change of slope in the river due to change

of level of Lake Huron would be distributed above this point.

When we consider that hourly fluctations of the lake surface of from

6 to 30 inches in amplitude are constantly taking place, it is evi-

dent that the withdrawal annually of a volume of water from Lake
Michigan, equivalent to 3 inches in depth over the surfaces of the

two lakes would not be appreciable in any ordinary set of gauge read-

ings, and would certainly have but little effect on the depth of water in

the connecting waterways.

Any investigation of this subject that may be made in the future

should not only take into account the discharge of the St. Clair River at

various stages of the lake level, but also the slope of the different sec-

tions of river for each stage. Self-registering gauges should be estab-

lished at the foot of Lake Huron, at foot of rapids in head of river, at

head of delta above Lake St. Clair, at the St. Clair flats canal and at the

head of Lake Erie, and the zeros of all the gauges connected with lines

of level.

DISCUSSION BY L. E. COOLEY, MEMBER OF THE WESTERN SOCIETY OF
ENGINEERS.

Apart from any practical application, a comprehensive series of dis-

chargs measurements of the outflow of the lakes would be of great sci-

entific interest. Such measurements could not be discussed except with

the aid of some such determination of the slopes in the connecting rivers

as suggested by Mr. vVisner. So far as the effect on the level of the

lakes being a matter of practical moment, the subject may be dismissed.

When a waterway to carry 10,000 cubic feet was first proposed, some
three years ago, naturally, the effect upon the lake levels was the first

question to suggest itself. I then concluded that this would not exceed

three to four inches and did not think it judicious to raise the question.

It has been raised, however, and made much of by those opposed to the

project, so it seems necessary to discuss it publicly.

In a recent pamphlet, "The Lakes and Gulf Waterway," I have con"
sidered the data briefly in a variety of ways, with the general conclusion

that a change of one foot in level would be equivalent to a change of

30,000 to 40,000 cubic feet per second in the discharge of the St. Clair

River. These deductions were made independent of any considerations

introduced by changing slopes. I append this discussion as part of my
remarks upon this subject.

Mr. Wisner's treatment of the problem indicates what may be called

a throttle at Port Huron, a sort of reducing valve which regulates the
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outflow without greatly altering the level in the river below. The ob-

servations taken seem to be in harmony with this view, an upward fluc-

tuation in Lake Huron transmitting an increased velocity and discharge

to the river below rather than variation in stage. If this be so. then any

minor change in lake level, so far as the river system is concerned, is

practically masked in the Port Huron rapids.

Suppose, as an extreme case, that in place of 10,000 cubic feet per sec-

ond, it is desirable to withdraw a volume so large as to lower the level

of the lakes by one foot, to what extent would the interests of naviga-

tion be injured ?

So far as Chicago and vicinity are concerned the benefit of a foot less

height would be so great as compared to the small expense of deepening

the harbors, that it would be looked upon as a blessing. The same would

be true of Milwaukee and of every harbor of which I have knowledge

about Lakes Michigan and Huron. The chief injury would be at the St.

Clair flats and at the mouth of the Detroit River, and the cost at these

places of another foot (it would probably be less) would be a compara-
tively moderate item. In fact, the cost of an additional foot for naviga-

tion at all the harbors of the two lakes and in their outlet would not be

an amount of great moment. So we may conclude that the effect of

withdrawing 10. COO cubic feet per second is not material.

In 1881, the Canadian Government was engaged in deepening the rapids

of the St. Lawrence below Ogdensburg, from 10 to 16 feet, adding from
6 to 8 per cent, to the free channel. Much alarm was occasioned at To-

ronto and other Canadian ports through a fear that the level of Lake
Ontario would be greatly lowered, and a similar interest was felt upon
the American side. The question was finally referred to the Engineer

Department through Senator Miller, of New York, and reported upon by
General Comstock and Colonel MacFarland, the latter very elaborately.

(See Report Chief Engineer, 1882.) The conclusion was that the effects

would extend to no great distance, and that the level of Lake Ontario

would not be impaired.

Similar cases are presented at the Lime Kiln crossing of the Detroit

River, where the depth has been increased from 13 to 20 feet, and at the St.

Clair flats, which have been deepened from 9£ to 16 feet, and where a

farther deepening to 20 feet is now in progress ; also, in the St. Mary's

River, which had a depth originally of 9^ feet, since increased to 16 feet,

and now in progress of deepening to 20 feet in a greatly shortened chan-

nel.

It is but fair to say that these cases are not strictly parallel to the one

under discussion. Undoubtedly, an enlarged or less obstructed channel

gives a freer discharge and affects the surface in the vicinity like an

additional outlet. It distributes the local slope over a longer reach and

thus increases the general velocity through the stream and its capacity

for discharge. This of course will lower the surface of any lake from

which the stream flows. The effect, however, diminishes up-stream

from the locality, and at some distance, depending upon the size and

character of the stream, may be considered as nothing; so the effect on

a lake at a sufficient distance above is of no interest, except to a techni-

cal discussion in hydraulics.



LEVELS OF THE LAKES. 131

These cases are cited to show how easy it is to raise ueedless alarm and
to prejudice an important public enterprise. The data is certainly suf-

ficient, from any scientific point of view, to satisfy the engineer that

any effect upon the level of the lakes by the proposed waterway will

never be appreciated by the navigator.

Gen. James H. Wilson, who prepared the project for a steamboat

channel of seven feet depth from Lake Michigan to the Mississippi River

in 1868, and which has been before Congress ever since, says in a letter

published in ;
' The Lakes and Gulf Waterway " brief, that "I am satisfied

that such a discharge (10,000 cu. ft. per second, as now proposed) will

not appreciably disturb the lake level." Mr. Robert E. McMath, in a

paper printed in the August number of the Journal of the Association

of Engineering: Societies, concludes "that the effect upon the lakes,

that is, upon the depth at entrances to harbors and through the St. Clair

channel, will be practically nothing." Mr. McMath was for twenty years

upon the improvement of the Mississippi and Illinois rivers, and was
General Wilson's principal assistant when he was in charge of the latter

stream.

General Wilson. Mr. McMath and Mr. Wisner, from long and intimate

familiarity with the conditions affected by the proposed water-way,
should be well prepared to apply theoretical considerations. Every one
who has considered the data seems to reach the same conclusion.

From my own point of view, however, I am so fully convinced of the

good effects of 10,000 cubic feet per second added to the low-water
volume of the Mississippi, that I believe that it will be only a few years
after the construction of this waterway before we shall have to con-
sider the effect of abstracting a volume three or four times as large. It

may be said here, that it is quite within engineering resource to turn the

entire discharge of the lakes in this direction, but no man would care to

venture his reputation in discussing such a proposition at this time.

From " The Lakes and Gulf Waterway " brief :

[Further consideration, see " Data, etc.," at end of discussion.

APPENDIX NO. 8.—LAKE LEVEL EFFECTS.*
Lakes Michigan and Huron are so connected by the Straits of Macki-

naw as practically to constitute one lake. Lake Superior is at a higher
elevation, or is independent except so far as it is tributary to lakes
Huron and Michigan. The waters of the three lakes drain through the
straits called the St. Clair and Detroit rivers, some 85 miles long and
with slight fall to Lake Erie. Whatever water is taken from Lake
Michigan by the proposed Chicago outlet will diminish by that amount
the quantity flowing out by the St. Clair River. What will be the effect
on the normal elevation of the lakes?
The data for a complete discussion is insufficient. It is found princi-

pally in the reports of the Lake Survey (Chf. Engrs., 1868, 1869, 1870 and
1882). The following table is compiled from the latest and mcst
authorative sources. The areas of basins and of lake surfaces are com-
puted to the localities where discharge observations were made, viz.. St.
Marie, St. Clair, Lewiston and Ogdensburg, and include the intermediate
lakes and rivers with their tributary water-sheds. The rainfall and

This extract is corrected for the latest figures.
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evaporation are computed on these areas for the year 1868.* The areas
are given in square miles and the volumes in cubic feet per second.

Lake.
Elevation
above

mean tide.

Mean
discharge

Total
basin.

Lake
surface.

1868.

Rainfall
basin.

Evapora-
tion lake.

601.8
581.3
572.9
246.6

86,000
225,000
265,000
300,000

82,800
116,600
41,835
30,790

31,200
46.400
10,435
7.280

171,430
251,450
100,340
73,840

27,690
59,890
14,310
9,590

Huron & Mich .

.

Erie

Totals 272,025 95,315 597,060 111,480

The data indicate large variations in discharge from effects of winds
and other causes, but give little clue as to the quantities at extreme low
water and extreme high water. Extreme low water is probably 20 to 30
per cent, less, and extreme high water 20 to 30 per cent. more. These
extremes are reached only in a long series of years, giving changes of
level on the three lakes of 3 to 4-£ feet. The mean annual fluctuation for
30 years has been for Superior 1.2 feet; Huron and Michigan, 1.34 feet;
Erie, 1.55 feet; and Ontario, 2.07 feet; with probable variations in dis-

charge of 10 to 15 per cent, from the annual mean.
For present purposes assume the discharge approximately as above,

and the Chicago outlet opened for 10,000 feet per second. This would
be less than 4 J- per cent., but assume it at that amount, leaving 95^ per
cent, to go down the St. Clair, after the level is adjusted to the new con-
ditions; the ultimate lowerirg will be just the amount required to give
the St. Clair River a capacity for 10,000 cubic feet less water.

It is a fundamental principle in hydraulics that in any stream the
capacity for discharge wiU increase faster than the mean depth, or, for
a given change in discharge, the change in mean depth will be less. If
the stream is of uniform prism and unchanging grade, long established
formulae may be applied, viz.: that the new mean depth is the two-thirds
power of the new discharge. The new discharge being 951 per cent,
gives the new mean depth at 97 per cent.—a diminution in mean depth
of 3 per cent.
The channel is, however, irregular, of varying width and cross-section.

* Elevations are from final report of the U. S. Lake Survey (Primary Triangulation,
etc.). Discharges, areas of basins and lake surfaces are compiled from tables by Mr.
L. Y. Schermerhorn, republished by Mr. Chas. Crosman in his chart giving the fluc-
tuations of the lakes for thirty years and much other useful information (Milwaukee,
1888). To these data are added 40 square miles water surface and 1,950 of basin for the
St. Lawrence above Ogdensburg. Rainfall and evaporation are computed from data
by D. Farrand Henry in reports of U. S. Lake survey. Various estimates have been
made of the lake surfaces, but those computed by Mr. Schermerhorn from the final
charts are doubtless as correct as present information permits. Mr. Wisner fur-
nishes the following estimates by different authorities of the proper lake surfaces:

Lake.
Johnson's

Encl.
Appleton's

Encl.
Prof. Mitch-
ell's Atlas of

Mich.

L. Y. Scher-
merhorn.

U. S. Charts,
lake survey.

31,400
25,600
23,800
10.000
7,300

32,000
22,400
21,000
9,600
6,300

32,000
20,000
20,000
6,000

31,200
22,450
23,800
9,960
7,240

31,200
Michigan 22,450

15,760
Erie 9,960

7,240

Last column omits Georgian Bay from area of Lake Huron.
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The experience on Western rivers indicates that the new mean depth
-will be a less power of the new discharge, if the one-half power be

assumed, the diminution in mean depth will be 2J per cent. The St.

Clair River is a stream of unusual regimen, and it is probable that the

truth will be more nearly represented by the one-third power, giving for

a diminution of 4£ per cent, in discharge, a diminution of H Ver cent, in

mean depth.
The mean depth in this case is that for an indeterminate section of the

river below Lake Huron. What length is involved in the discussion will

not now be considered. This mean depth is the average area of the

cross-section of the stream divided by its average width, and for the St.

Clair River, as judged from the published charts, will be nearly 25 feet.

This will give a change (1-1- per cent.) of 0.37 foot, or nearly 4£ inches.

Taking the mean depth for the whole stream as a uniform prism and
•without regard to ruling points gives the largest possible results.

To approach the matter comprehensively would require observations
taken with the special view of ascertaining the discharge at different

stages of the lake under varying conditions. So far as the observations
can be used in a direct determination, they appear to indicate that the

change of level for a difference of 10,000 cubic feet per second will be

somewhere between 0.2 foot and 0.4 foot—say 1 foot for 30,000 to 40,000

cubic feet per second.
Some considerations may be presented, as showing how difficult it may

be to detect or value any effects produced.
Considering the combined area of lakes Huron and Michigan as a

reservoir (46.400 square miles), 1 foot of water will represent a discharge
of 10.000 cubic feet per second for 4.10 years; or 2.93 inches that for one
year. One foot of water on Lake Superior will represent this volume for

12.76 years: or 4.35 inches that for one year.
The extreme variation in the three lakes, for a series of years, is 3 to

4£ feet, and the ordinary annual variation from low to high water is 1

to 2 feer. There are also daily and periodic variations from wind, change
of barometer and other causes, frequently of a foot or more. The sur-

face of the lake is never constant, and can only be determined by obser-
vations continued over a period of time.

It is ascertained that changes in wind produce large variations in the
-discharge through the St. Clair River. The long series of meteorological
•observations at many stations about the lakes showed that there were
great variations in rainfall, and that it was not uniformly distributed
over the basin, being sometimes in excess in the upper lakes and defi-

cient in the others, and sometimes the reverse.
These observations also show great variations from year to year in the

evaporation.
Tne evaporation on lakes Huron and Michigan (see table) for the year

1868 would be about 171 inches, and for 1867 (79,500 feet per second)
would be some 23£ inches, a difference for these two years alone of
enough to supply the Chicago channel for two years. The difference on
Lake Superior for these two years was nearly a year's supply.
On account of the many conditions involved, the great changes in lake

level from complex causes, the variations in meteorological conditions —
rainfall, winds, evaporation, vegetable growth, etc.—which it is im-
practicable to value closely, it is doubtful if long continued observations
for lake elevation would detect a change and assign its amount. In other
words, the abstraction of 10,000 cubic foot per second, so far as its effects
are concerned, is not a matter of material moment, and might never be
perceived.
An interesting question arises as to the amount that may be abstracted

without raising broad questions of perhaps an international character,
If the records for the last thirty years are studied, it will be found that
Take Erie begins to rise first in the spring, followed by lakes Michigan
and Huron, and later by Lake Superior, which reaches high water in
August or September. When 200,000 cubic foot per second passes the
St. Clair River, the lake is still nearly one foot above low water. Certainly
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any amount of water drawn from the lakes without impairing the
natural elevations below this one foot would not be injurious to naviga-
tion, and would reduce high water and its destructive tendencies.
Suppose that works to regulate the outflow of Lake Superior be placed

at the Sault Rapids, a matter of no great difficulty and of comparatively
small cost. While supplying a certain minimum quantity to the St.

Mary's Eiver,* the high water can be retained until later in the sea-
son, or in place of coming in on top of the high water of lakes Huron
and Michigan it may come in after it has run out. This may probably
be done without injury to Lake Superior interests.

If proper observations for discharge at various stages of the lakes ex-
isted it would be possible, from the thirty years' records of stage on all

the lakes, to deduce closely enough for all practicable purposes the
regulative influence which could be attained by com rolling the outflow
of Lake Superior. It is very probable that such a study would show the
feasibility of diverting not less than 30,000 cubic feet per second to the
Mississippi, reducing the high water fluctuations in all the lakes below
Superior, and without impairing—perhaps, on the contrary, improving
— their levels for navigation. It is virtually to conserve the surplus
above that required for a moderate stage of water. How far such regu-
lation may be justified with a view to a large volume of water to the
Mississippi is presented in the next appendix.
As an engineering question, it is quite possible to use the lakes as

reservoirs to the highest degree desirable, or to even increase their dis-

charge by diverting thereto streams which now flow to western rivers.
This is not now a question for practical consideration.

Note.—There appears in the Detroit Free Press of January 8 and 11. two inter-
esting cominunications in regard to the effect upon the level of Lake Superior of
the proposed water-power canal at Sault Ste. Marie.
Mr. D. Farrand Henry states that the canal has been begun with a depth of 12

teet and a width of 100 feet, and that it is now proposed to make the width 250
feet, thus taking from the rapids about 10 per cent, of the outflow of Lake Supe-
rior. The effect of the smaller canal he regards as immaterial, but he states that
the larger channel will lower the water above nearly 6 inches and diminish by that
amount the depth for navigation in the IT. S. Canal and the river above.

Gen. O. M. Poe, in charge of the government works from Lake Superior to Lake-
Erie, in his reply deprecates any alarm to the interests of navigation, and, ad-
mitting for the sake of argument the truth of Mr. Henry's conclusions, says;
'* A simple, ea*y and inexpensive way of remedying the evils which the writer of
the article seems to fear, would be to reduce the cross-section of the river by build-
ing a spur-dam at the head of the rapids, thus intercepting an area equal to, or
even considerably less than, the cross-section of the water-power canal ;

" and
again, that it "surely would not require a construction of any great magnitude
or cost ; nor would it tax the ability and resources of the engineer to an over-
whelming degree."
The application is obvious.

DISCUSSION BY LEWIS M. HAUPT, M. A. S. C. E., ENGINEERS' CLUB OF PHILA-

DELPHIA, ETC.

However great the benefits to be derived from a public work may be,,

there will always be found an opposing element, because the proposed

improvement may divert traffic from existing channels or means, and so

apparently affect certain interests injuriously.

If there is a possible objection, either real or imaginary, which can be

urged to prevent the consummation of the project, the parties interested

in opposing will give expression to it. and the agitation concerning the

injurious effect upon the level of Lake Michigan, which would result

from withdrawing from it 10,000 cubic feet per second, appears to be
such a bete noir.

* The fall ' in the St. Mary's River from the rapids to Lake Huron is hut two feet,
and if it were desirable to, at times, entirely arrest the flow, it is practicable to con-
form the improvements at the Sault to this condition.
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I have read the interesting and valuable papers on the subject con-

tributed by Messrs, Cooley, Wisner and McMath, and have nothing to

add to their exhaustive, theoretical demonstration, but there are a few

practical considerations which do not appear to have been fully devel-

oped in this discussion which I think may have weight in the popular

consideration of the subject. They refer more especially to the actual

fluctuations of the lake's surface as affecting navigation. It has been

shown that the amount of water required to maintain navigation in the

Cooley channel (150 X 24 feet) might reduce the level of the lake three

inches in one year or one inch in four months. That this would be in-

appreciable in its effect on navigation will be strikingly evident when
we come to examine the physical changes of level from natural causes.

The extreme fluctuation in the level of Lake Michigan from 1836 to

18ST inclusive, as shown by the record furnished me through the courtesy

of D. J. Whittemore, C. E., are found to be as great as 5.5 feet. The
maximum elevation recorded was in June and July, 1838, when it was 4

feet above the city datum (Milwaukee), and the minimum was in Febru-

ary, 1847, when it stood at 1.5 below the zero. The>nnual fluctuations

-are not so great, being limited to about 2$ feet. The lowest water in-

variably occurs duriDg the winter season, when there is no navigation,

and the highest during June and July. In February of 1875 and 1880 the

water level fell to the datum plane, but it is only the lowest water dur-

ing the season of navigation that affects this question. The summer
stage usually varies from L to 2-1- feet above zero, but in the year 1872 it

was unusually low and constant, and stood as follows: April, — 0.4;

May. — 0.1 : June, July and August, 4-03; September, -f 0.25 ; Octo-
ber. + 0.2.*

At no time since has the water been so low. It will be seen, there-

fore that the withdrawal of a few inches of water throughout the year
would in no way affect the commercial interests of the lakes, and, as Mr,
Wisner very justly concludes: "When we consider that the hourly
fluctuations of the lake surface of from 6 to 30 inches in am-
plitude are constantly taking place, it is evident that withdrawing 3

inches in depth from Lakes Michigan and Huron would not be appre-
ciable in any ordinary set of gauge readings, and would certainly have
but little effect on the depth of water in the connecting waterways."
Before any injurious effect could be manifested in the St. Clair canal

or river it would be necessary to reverse the direction of the currents in

the straits of Mackinaw and Lake Michigan. I can imagine no public
improvement which would be a better investment for the surplus or do
more to promote the general interests of the whole country than the en-
largement and completion of the Great Belt Waterway.

DISCUSSION BY CLEMENS HERSCHEL, MEMBER OF THE BOSTON SOCIETY
OF CIVIL ENGINEERS, AND OF THE AMERICAN SOCIETY OF CIVIL
ENGINEERS :

If, in conformity to the invitation of the Secretary, I say any-
thing upon the paper by Mr. Geo. Y. Wisner, entitled the " Effect

* The gauge records of fifteen years show the Chicago datum to be 0.691 foot below
the Milwaukee datum. Chicago datum is low water summer of 1847, as adopted by
the Illinois and Michigan Canal Commissioners.

—

Editor.
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of the Proposed Lakes and Gulf Waterway upon the Level of the-

Great Lakes," it will only be to illustrate ho.v such a subject im-
presses a hydraulic engineer, habitually working in quite another sec-
tion of tbe United States, and dealing with very different bodies of
water.

It seems to me that all considerations of the effect of the amount of
annual rain-fall, of the varying distribution of that rain-fall throughout
the year, of the annual and monthly evaporation, of the effects of the
winds, tides and other disturbing causes, may, in the consideration of

the precise subject above written, be left out of account.

These things we have always with us, and shall have in the future,

not much less, nor much more, than we have had in the past.

Given a new outlet to Lake Michigan, carrying 10,000 cubic feet per
second to the Mississippi River, or, we will say, 4.5 per cent, of the dis-

charge of tbe outlet of Lakes Michigan and Huron combined, and natu-
rally diverting just that much from the St. Clair River, it is evident that
in only two ways can an equilibrium, or regime, be re-established.

1. The two lakes may be allowed to lower a certain small amount,
until the discharge of the St. Clair River become 4.5 per cent, less than
it was before, or

2. The area of cross-section of the St. Clair River at any ruling point

or points may be reduced, artificially, until its discharge become 4.5 per-

cent, less, at times when the present lake levels obtain.

As regards the first proposition, I judge it to have been fully analyzed

by Mr. McMath, p. 4 of his paper read before the Engineers* Club of St,

Louis, May 30, 1888, and summed up when he says: "Lake Huron (and.

of course, Lake Michigan) cannot possibly be lowered more than by the

trifling quantity required to adjust the slope of the St. Clair River, now
only one-half inch to the mile,,to the volume (of its discharge) diminished

by five per cent. * * * The conclusion is therefore safe, that the ef-

fect will not be noticeable, except as a result of a long series of observa-

tions, such as were required to establish the fact of a tide in the lakes."

As regards the second proposition, nature will to some extent work in

the way indicated. For, given a reduction of 4.5 per cent, of the dis-

charge of a stream having only one-half inch of slope to the mile, the

tendency wT
ill be for that river by natural accretions to reduce its own

cross-section, until the area of channel shall again be in conformity to-

the amount it is called upon to discharge.

Going to extremes of argument, I can conceive of a sufficient diversion

of water from the St. Clair River and into new outlets, to cause the St.

Clair Flats naturally and by accretion to become dry land, and a resultant

material raising of the levels of Lakes Michigan and Huron to be brought

about, by the method (paradoxical as it may seem) of diverting the

waters of the two lakes to new outlets.

At all events, it seems to me, that should it be desired, religiously and
with precision, to maintain the two lakes at their present mean level, a

diminution of the discharge of the St. Clair River will offer the means-

for the accomplishment of such an end, and the ordinary processes of

nature will co-operate in such an endeavor.

Four and one-half per cent, of the discharge of the St. Clair River is
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less than 4 per cent, of the Niagara, and 3| per cent, of the St. Law-

rence, and to maintain the levels of Lakes Erie and Ontario with the

same precision, the discharge of the Niagara and of the St. Lawrence

rivers would have to be diminished, in the same way or ways, to the

extent of the small percentages above given.

DISCUSSION BY J, B. JOHNSON, MEMBER OF ENGINEERS' CLUB OF ST. LOUIS,

MEMBER OF AMERICAN SOCIETY OF CIVIL ENGINEERS.

The effect on the level of Lakes Michigan and Huron of extracting

10,000 cubic feet per second at Chicago, depends wholly upon the outlet

conditions at Port Huron. It so happens that these conditions are such

as to concentrate the controlling functions within a mile and a half of

the outlet of the lake. We find here a greatly reduced cross section, with

a corresponding high velocity and steep slope, followed below with a

large channel, low velocity and small slope. So emphatic is this natural

development that the hydraulic problem reduces itself more nearly to the

case of flow over a submerged weir than to. the case of flow in an ordinay

natural channel. The similarity to a submerged weir comes not only

from the engorged condition of the channel here with reference to that

below, but from its short length and from the still water of the lake just

above it.

Evidently the true solution of the problem is to measure the discharge

of the St. Clair River as near the head as practicable, and compare these

discharges with simultaneous gauge readings at Lakeport, for instance,

some 10 miles above the foot of the lake. There are permanent benches

at this point, and it was here that the gauge was established which was
used for determining the mean level of Lake Huron, and with which
the line of precise levels from the sea was connected. Then by noting

the variation in discharge for given changes in level of the lake it would
immediately appear what change of lake level would correspond to a
change of discharge of 10,000 cubic feet per second.

In the absence of such observations, however, it may be worth while
to determine, as near as may be, its probable amount. In such a study
I should prefer to approach the problem through a submerged weir for-

mula rather than through a uniform flow formula.

Taking Mr. Wisner's figures as to volume, velocity and distance, but
not as to slope, we have :

Discharge at Port Huron = 225,009 cubic feet per second.

Width of engorged section = 750 feet.

Velocity here = 7.5 feet p?r second.

Distance of this section from lake — 2,500 feet.

From the data given we find the mean depth must be 40 feet at the
narrow section.

Probably the most acceptable submerged weir formula is that of Fteley
& Stearns, which is

Q = c lld+^-)^h~ (1)

where

Q = discharge in cubic feet per second.

c = numerical co-efficient = 3.3 for our case.



138 ASSOCIATION OF ENGINEERING SOCIETIES.

/ = leDgth of weir, or width of channel.

d = depth of water on weir above (in lake).

d l = depth of water on weir below (in lower river).

li = fall across weir = d — d l

All dimensions being in feet.

For the case in hand, everything here is known except h, the fall from
the lake level to the enlarged channel below. We can, therefore, com-
pute this from the above equation. Doing this we find (calling d l = 40

feet)

h = 2. 136 feet.

Mr. Wisner has taken this at 1.9 feet. The submerged weir formula

here used holds for a very short submerged weir (measured in the direc-

tion of flow), and for flow from nearly still water into nearly still water.

Two of these conditions are not fulfilled in our case. The weir is long in

the direction of .flow, and the current below is comparatively strong.

The long weir would require a greater fall than the formula would give,

but the free escape of the water below would result in a less slope than

shown by the formula. It is impossible to accurately evaluate these two
conditions, but since they are in opposite directions, and are probably

nearly equal, we will here assume that they balance, and suppose that

the fall due to the submerged weir condition is, as given above, 2.136

feet.

To find the change in lake level, d, due to a change in volume of 10,000

cubic feet per second, we can substitute d — d' for h in equation (1), and
obtain

d'\
Q = el[d+4-\Vd ~ d'

(?)

Differentiating this equation for d and d' as independent variables we
obtain :

-(3 d — f d') A d — %d' A d' ->

A Q = cl
Yd — d'

. _ 4 YhA Q + 3 eld' A d'

Where A Q, A d, and A d' represent the changes in the discharge, lake

level, and stream level below the weir section respectively.

If in this equation we let h = 2.136; A Q = 10,000 cubic feet; c = 3.3;

I = 750 and d' — 40, then we have :

. , 11.8 + 60 A d' ...

66.4

Now it is known that A d' will be quite small for this is the change of

level in the river below the engorged reach at Port Huron,

If A d' = 0.0, then A d = 0.177 foot = 2£ inches.

If A d' = 0.05 feet, then A d = 0.223 feet = 2f inches.

If A d' = 0.08 foot, or 1 inch, then A d = 0.25 foot = 3 inches.

It is not probable that the river below the rapids at Port Huron will

fall more than from $ inch to 1 inch. In which case the lowering of the

lake would be from 2$ to 3 inches.
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Discussion by Wm. Pierson Judson, Mem. Am. Soc. C. E., Member
Committee on Transportation Routes, Oswego Board of Trade.

the lower lakes and the niagara ship canal as affected by the

PROPOSED LAKE MICHIGAN AND MISSISSIPPI WATERWAY.
The proposed Lakes and Gulf Waterway, connecting Lake Michigan

and the Mississippi River across the Chicago "divide," is a project whose

execution would vastly affect lake commerce.

The papers by Mr. L. E. Cooley, by Mr. Robt. E. McMath, by Mr. Os~

sian Guthrie and by Mr. Geo. Y. VVisner, seem to leave nothing unsaid

in favor of the project, and to remove any fear of au important lowering

of the upper lakes, by the opening of the proposed waterway. Any
perceptible lowering of lakes Erie and Ontario by it, may be put wholly

out of the question.

As my interests for twenty years have been identified with the har«

bors on the lower lakes and on the River St. Lawrence, and also more
recently with the proposed Niagara Ship Canal, I need therefore only

consider the proposed Lakes and Gulf Waterway as it may affect these

interests, or may divert commerce rather than water from the lower

lakes and from their canals.

That a large amount of lake commerce would use the proposed water-

way to the Gulf is beyond doubt, but this diversion from the present

route would probably be offset by a general growth of business resulting

from the increased facilities.

If the proposed 20-foot Niagara Canal to Lake Ontario, and the 9-foot

enlargement of the Oswego and Erie canals to the Hudson are also made,
this direct eastern route, with its cooler climate, need fear no competi-

tion from the longer Southern route to the Gulf. The main flow of

commerce must be by the most direct line to New York, the focus of

the country's business interests.

Even the present Erie Canal route from Buffalo could probably hold

its share of the upper lake business; but still better could this eastern

route do when it has the Niagara Canal to take the largest upper lake

steamers to Oswego, where they could tranship their cargoes to barges,

146 miles nearer to New York than now at Buffalo,

From this point of view, I can only see that anything which will ex-

tend the channels and range of lake commerce must be for the ultimate

good of the system as a whole; and that so far from the advocates of

the Niagara Ship Canal opposing this proposed connection of the lakes

with the Mississippi, they should rather further it in every way, regard-

ing it as the completing link in the same chain, of which a deep-water

United States canal around Niagara would form a part.

Each of these works would but make the other the more necessary.

It will be quite enough that the proposed Gulf waterway should pass

the largest lake vessels without their loads, as suggested by Mr. McMath,
thus permitting them to go down the Mississippi into Southern water for

the winter. The increased range will be a great gain, which vessel own-
ers will be quick to appreciate.

The military advantage of such an interior route to the sea would bo

important, and would go far to remedy the present lack of any effective

defense of our Northern frontier, where our few forts are mere relics.
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For the large 20-foot 3,000-ton steamers of the future lake commerce,
it seems useless to consider deep canals to provide for carrying their full

loads beyond the limits of actual lake navigation; or to attempt to take

such steamers, Joaded, nearer to the Gulf than Chicago, or nearer to

New York than Oswego.

No large, seaworthy steamer, equipped to encounter lake gales, could
afford to carry this costly and idle equipment through hundreds of miles

of inland canals and rivers, whose scant depths would greatly impede
their speed and management.

If the Erie Canal and the Hudson River had, to-day, 20 feet depth
from Buffalo, or from Oswego, to New York, the lake steamers could

not afford to use it; their freight would, in that case as now, be trans-

shipped to barges which could handle it in the canal at less cost, and at

less risk in transit.

The lower lake interests should, I think, join heartily with Chicago
and the West in forwarding the proposed lake and gulf waterway; ex-

pecting an equal liberality from its friends toward the kindred Niagara
Ship Canal project.

DISCUSSION BY "WALTER P. BICE, MEMBEB CIVIL ENGINEEBS' CLUB OF

CLEVELAND.
Preps of business prevents my giving the thought or attention to the

subject that I would like to, or that it merits, but I am willing to make
the following fugitive comments.
Mr. George Y. Wisner, in his able paper on this subject, has correctly

stated the relations between the elevation of the lake surfaces and the

volume of rainfall on the drainage area, amount of evaporation and out-

flow of this great river system.

In close connection, although " relative," comes the consideration of

the effect produced by the gradual extinction of the surrounding forests.

This would undoubtedly lessen the actual amount of rainfall and in-

crease the height of flood stages; in other words, increase the actual

amount of the fluctuations

—

i.e., the difference between the maximum
and minimum stages. This effect is, however, relative and within our

control,

• Accepting the estimate of a withdrawal of 10,000 cubic feet per sec-

ond, or at the rate of 2.9 inches per year. It becomes evident without

going into the details of effects produced by readjustment of slope of

the St Clair River, which are insignificant, that the annual rise of the

lakes from 12 inches to 16 inches in amount, the fluctuations of the past,

marking from the highest annual rise to the lowest a difference of 6 feet

9 inches, and the hourly fluctuations due to winds, varying atmospheric

pressures, etc., in amount often exceeding one foot (although these

would only have local bearing), all these are so much greater in magni-

tude that no fears need be entertained about the with-

drawal of 8 inches per year. Besides, the straits and channels

connecting the system of great lakes have not the capacity to immedi-

ately discharge surplus waters, and if the lake level is lowered by the

proposed canal, one of the first efforts of the flood stage would be to re-

place said loss—Nature striking her equilibrium. As confirmation I
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quote the following from Elisee Rectus: " The gauges used at Geneva

established the fact that the discharge of the Rhone at its issue from

the lake is at its maximum 733 cubic yards; now, as the various afflu-

ents of the lake supply more than 1,400 cubic yards during their highest

floods, it is evident that the Like of Geneva acts as a complete regu-

lator, retaining one-half of the inundation water which it subsequently

empties down gradually when the tributaries retire to their usual level."

Over, and above all this, if it were conceded that the effects would be

detrimental, it would still be within the power and skill of the engineer

to remedy. Finally, I am decidedly of the opinion that the effect on the

levels of the lakes has no practical significance.

DISCUSSION BY D. FARRAND HENRY, MEMBER AMERICAN SOCIETY OF CIVIL

ENGINEERS.*

The lakes are great reservoirs nearly level, but subject to many fluctua-

tions, both periodic and secular. The difference in level between Detroit

and Chicago, as shown by the Michigan Central Railroad survey, is 10^

feet, of which at least 8 feet is in the rivers between Port Huron and

Detroit.

The discharge, as shown in my report on the outflow of the lakes, is

about 43 per cent, of the rainfall on their surface and on the water-shed,

and the fluctuation extending through several years is evidently de-

pendent on the amount of rainfall, but often not noticeable until the

year following, as shown in a profile of the curves of lake level and rain-

fall in one of my reports on the meteorology of the lakes.

Another change of level is due to atmospheric pressure. At Grand
Haven and Milwaukee the difference of level due to this cause—after the

wind effect was eliminated—was often over a foot, corresponding with

the rise and fall of the barometer.

When the wind acts with the pressure the effect is much greater. Be-

tween Monroe and Erie on Lake Erie there was often a difference of 6 feet

in the water level due to these causes acting simultaneously. Of course such

changes of level cause currents in the lakes, and 1 have observed a cur-

rent in Lake Superior in the open lake of at least three miles per hour.

When stationed at St. Ignace I cut holes in the ice covering the

Straits of Mackinac about a mile from shore and observed the currents.

The direction at such times as I measured them was westward into

Lake Michigan, and once was fully three miles an hour. The fishermen

there in winter set their nets by cutting a line of holes in the ice, and
passing the net from one to the other, and of course lift them in the same
way. Once that winter when they tried to lift they found the current

so strong that they could not draw in the net against it, and they had to

wait till it ceased. Of course the true current through the Straits into

Lake Huron must be very small, as they are over four miles wide and 250

feet deep.

There are other fluctuations whose cause is as yet obscure. At Sault

Ste. Marie a change of level of over six feet has been observed, and once
at Milwaukee a wave rushed up the river from the lake whose amplitude
was estimated at over seven feet.

* Mr. Henry was greatly pressed for time in preparing this matter, and trusted to
his memory for his facts.
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How, then, are the rivers (so-called) connecting the lakes affected by
these changes? Where the fluctuations are regular and act through

considerable time, they rise and fall the same as the lakes. Thus, dur-

ing the season of navigation, the variation of level at the Flats is about

one foot—nearly the same as it is in Lake Huron. But when the changes

of level are irregular and abrupt their effect upon the rivers is limited

—

shown on the water-gauge, but not otherwise noticeable. In fact, the

water-gauge at the flats was as good as a barometer, indicating the ap-

proach of storms, though the variations were small and required close

reading. Probably the velocity of the current is also influenced by these

changes, though not to the extent that Mr. Wisner states. He is

mistaken in saying that the velocity observations at St. Clair only oc-

cupied one month; they extended over the whole working season of

three years, and the large difference he notices was much modified by

subsequent observations. The difference there shown is in part due to

the fluctuation in the velocity of flowing water even under a constant

head, which makes a large number of observations necessary to obtain a

true mean velocity, but mainly to the fact that the observations he notes

were made with the double float, which was found to be utterly unre-

liable, and was not used after the first season, being replaced by the

telegraphic meter.

The area of the cross-section of the St. Clair, where the observations

were made, was a little over 66,000 square feet, or about 1-J acres. At
first thought it would seem as if a small fraction of an inch of rise or fall

of the 50,000 square miles of Lakes Huron and Michigan ought to

materially affect the depth or velocity of the water passing through this

limited channel. But the whole chain of lakes must be considered as a

great river widened in places, and subject to the same influences which

cause certain fluctuations common to the whole system, while there are

also fluctuations incident to the wide and deep lakes which do not much
affect the connecting channels. Of course the actual observations are too

few to fully establish these relations, but they all tend to show that the

general rise and fall, due to extended causes, is nearly the same in

amount, though differing somewhat in time over its whole extent. So
that if the withdrawal of 10,000 cubic feet of water per second at the

head of Lake Michigan would only lower the level of that lake and Lake
Huron 21 inches, as stated by Mr. Wisner, then the depth in the channel

of the St. Clair and Detroit rivers would be only decreased by the same
amount, or about one-fifth of the ordinary fluctuations during the sea-

son of navigation, or it might cause a slight decrease in the velocity of

the current, amounting to about 0.2 of a foot per second at St. Clair;

either of which would practically be inappreciable.

DISCUSSION BY BENEZETTE WILLIAMS, MEMBER WESTERN SOCIETY OF
ENGINEERS.

By a careful reading of Mr. Wisner's paper and the discussions of it by
Messrs. Cooley and Johnson, it becomes plain that, though an approxi-

mation may be made of the lowering which Lakes Huron and Michigan

will sustain by the withdrawal of a given quantity of water through a

new outlet, no exact determination is possible except by a series of
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gaugings on the St. Clair River made with a view to such determination.

It requires no measurements to establish the proposition that if the

channel of the St. Clair River maintains its present proportions, that

is. if there is no change in the regimen of the river, the lakes must

suffer a decrease of mean elevation by the withdrawal, through an-

other outlet, of any quantity of water, however small. Though the in-

crement of decrease may be lost sight of in the hourly, daily and yearly

fluctuations of the lakes, it will exist, nevertheless. It may be smaller

owing to the rapids at the upper end of the river than it would be with

a different sort of channel, but it cannot, by any method of sound

reasoning, be wholly eliminated.

The proper way of determining the change of lake level is by discharge

measurements of the St. Clair River extending over the whole range of

lake fluctuations, and a comparison of discharges and elevations for dif-

ferent stages. By this means it would be shown, doubtless, that the

withdrawal of 10,000 feet per second would affect the high stages of the

lake much more than the low stages, but each and every stage would be

affected in some degree.

These facts furnish opponents of the plan to drain Chicago by means
of a channel through the divide between Lake Michigan and the Illinois

River with standing ground from which to assail that measure.

As is usual in such cases, a germ of truth has been made to propagate

error of far greater proportions.

In a paper read before the Illinois River Improvement Convention, held

at Peoria, October 11 and 12, 1887, Major Thos. H. Handbury, the then

Government Engineer Officer at Chicago, used the following language

relative to the dangers which threaten the lakes from the proposed exe-

cution of the Chicago drainage plan :

" In treating of this question of drawing a large supply of water from
Lake Michigan, there is one point of great importance that I do not find

touched upon in any of the reports or discussions upon the subject; that

is, the effect the withdrawal of so large a quantity of water from Lake
Michigan, as is proposed by the Chicago Drainage Commission, is going

to have upon the mean level of that lake.
"' The discharge of the upper lakes through the St. Clair River has been

found to be about 217,000 cubic feet per second. The mean level

of Lakes Huron and Michigan is 581 feet above the sea; that of Lake Su-

perior about 20 feet higher. The lower lakes receive their supply, from
this upper lake and the various streams that empty into them. The dis-

charge is just equal to the supply and the lakes remain at their mean
level of 581 feet.

'• Now suppose we make another outlet in the bottom, or side, if you
please, of this lower reservoir capable of taking off one-twentieth of this

supply, which is the amount it is proposed to withdraw, what is going

to happen in time to the mean level, to the depth of water in the various

harbors, and to the channel of the St. Clair River, which the govern-
ment is spending so much money to improve ? This is a question upon
which the people at the outer outlet of the lakes may wish to have some-
thing to say. It is, however, one of a purely engineering nature that

can safely be left to a board of disinterested engineers to solve."



144 ASSOCIATION OF ENGINEERING SOCIETIES.

Subsequently at a meeting of tbe Executive Committee of the Peoria

Convention held at the room of Judge Prendergast in the city of Chicago

for the purpose of considering and formulating a bill to be laid before

Congress to secure concerted action of the city of Chicago and the Gen-

eral Government in the improvement of the Illinois and Desplaines

Eivers, Major Handbury stated that he estimated that the withdrawal of

so large a quantity of water as that proposed by the Chicago Drainage

Commission, viz. : 10,000 cubic feet per second, would lower the mean
level of the lakes as much as one, to one and one-half feet.

It should be borne in mind in this connection that even if tbe mean
level of the lakes should be lowered as much as a foot it should not pre-

vent the carrying out of the important work proposed, nor would it be

wholly injurious. At the worst it would only render it necessary to

deepen the lake ports by that amount, while on the other hand many
benefits would accrue, particularly to low lying cities like Chicago.

We can safely rest in the assurance, however, that a change in the

level of the lake of so great a magnitude will not occur.

Though the data available is insufficient to settle definitely the amount
which the lakes will be lowered by the withdrawal of a given quantity

of water through a new outlet, it is possible to approximate the truth,

and thereby prevent statements so seriously erroneous as Major Hand-
bury's from obtaining lodgment in the public mind pending a proper in

vestigation.

The only report made by the Drainage and Water Supply Commission
of Chicago was a preliminary one, in which it was not possible to discuss

this subject. It was, however, considered by the Commission, with tie

expectation that it would be treated of in the final report, which, unfor-

tunately, was never made. The deficiency thus left has been ably sup-

plied by Mr. Wisner's paper and the discussion which it has elicited.

The estimates of the lowering which the lakes will be likely to suffer

by the withdrawal of 10,000 cubic feet per second through another out-

let—which are as follows: Wisner, 2\ inches at low water, and 3^ at high

water; Cooley, 3^ to 5 inches; Johnson, 2+ to 3 inches—doubtless cover

the range of the possible variation. At any rate, I believe they may be

relied upon as the best obtainable results with tbe insufficient data to be

had. But so long as the question rest upon uncertain or incomplete

data we may not be surprised to experience renewed assaults from time

to time upon the Chicago drainage plan, and we need not hope for pro-

tection from such attacks until the question is finally settled by a

thorough hydrographic survey of the St. Clair River, conducted in such

a manner as to definitely bring out the facts bearing upon the question.

DATA PERTAINING TO THE OUTFLOW OF THE LAKES.

Considerable research has been made for data pertaining to the prob-

lem of ascertaining the effect of diverting any volume of water from the

natural outlets of the lakes. This matter is herewith submitted as

briefly as possible, with such inferences as it seems to convey, and it

may be useful pending any exhaustive determination of the question.
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INTERMEDIATE CHANNELS.

The following notes pertain to outlets of the several lakes in their

natural order :

St. Mary's River.— Outlet of Lake Superior ; mean discharge, 86,000

cubic feet per second.

The fall from Lake Superior to Lake Huron is 20.5 feet, of which about

18 feet is concentrated in the rapids at Sault Ste. Marie; two feet is dis-

tributed over the river below and one-half foot over the river above. So

far as the level of Lake Superior is concerned, it is solely determined by
the flow at the rapids.

Mr. D. Farrand Henry, who is very familiar with the rapids, furnishes

the following memoranda: Length, 3,500 feet; fall, l?|feet; width, about

2.800 feet: average velocity, 15 feet, when the river is discharging 92,000

cubic feet; mean depth, 2.7 feet, and section, 6,110 square feet. These

figures are of course approximate. The international bridge is situated

in the deeper water, just above the rapids or where the ice breaks off in

winter. The water breaks over a massive sandstone ledge most of the

way across.

This ledge constitutes the virtual sill or weir which controls the level

of Lake Superior. If the rapids be assumed as uniform like a trough, the

elevation of the lake above the virtual sill will be simply the mean
depth in the trough plus the head due to the velocity. For a discharge

of 86,000 feet, the mean depth would be 2.58 feet and the velocity 14.5

feet. The head due to the velocity would be 3.28 feet. The elevation of

the lake above the sill would then be 5.86 feet, supposably at mean level.

Whatever the actual conditions may be, this is doubtless an approxima-

tion to the truth.

The zero of any curve representing the relation of discharge to gauge
reading should be at the virtual sill, and as the conditions approach
those of a weir the equation will approach a weir formula. In other

words, the discharge will vary with the l£ power of the elevation above

the sill, and, as a weir, the co-efficient will be 2.64.

If the above is assumed as correct, then for changes in level of Lake
Superior near the mean level, the discharge will vary 2,250 cubic feet for

each tenth of a foot. The mean annual fluctuation of 1.2 feet will rep-

resent a discharge varying from 73,000 to 100,000 feet.

St. Clair River.—Outlet of Lake Huron, and carrying the discharge

of the three upper lakes ; mean discharge, 225,000 cubic feet per

second.*

Tne fall from Lake Huron to Lake Erie is 8.4 feet, and the distance is

85 miles. The following data in regard to the stream from Lake Huron
to Lake Erie is compiled from tho published charts which are of too

small scale for strict accuracy :

The St. Clair River is sufficiently uniform to permit a tabulation of

its principal elements. Sections at regular intervals in each character-

* Lake Michigan is tributary through the Straits of Mackinaw, which have a mini-
mum cross-section of 1,558,000 square feet. See p. 607, Primary Triangulation, U. S.

Lake Survey.
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istic reach have been computed, and the results are tabulated as t'ol

lows :

GRATIOT BAR TO MOUTH OF CANAL, 41 MILES.
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To Port Huron 2 35,000 6.43 1,300 27.0 900 35.0 See note below
6 51,000 4.40 2,100 24.3 1,700 28.0

To Marine City U 66,000 3.40 2,600 25.4 2,000 30.3
To Head Passes 7 77,400 2.92 2,840 24.8 2,110 33.6
In South Pass 6 36,000 1,600 22.5 1,050 30.0 One channel.

24,000 1,140
300

21 660 30.0
16.0 300 16.0

The minimum section at Port Huron is 31,000 square feet, with a width
of 1,000 feet. This section is 660 feet wide inside the IS feet contours,

with a depth of 42 feet. The velocity would be 7.25 feet.

The river divides into several passes, forming a delta, and reaches Lake
St. Clair through a number of mouths. The South Pass is used for navi-

gation, but loses part of its water at the sixth mile, and only a small

fraction passes through the canal across the bar. The bars at the several

passes do not exceed 7 to 8 feet in mean depth. The mean depths given

for the South Pass will apply approximately to the other passes. The com-

bined area and width will exceed that of the river above. What is noted

as "net width" and "net mean depth" in last two columns are these ele-

ments inside the 18 feet contours of depth. They signify the river as

available for navigation.

Across Lake St. Clair to the head of the Detroit River is 17 miles, and

the average depth is slightly in excess of 19 feet. The Detroit River is 27

miles long, and very irregular as to its dimensions. No attempt has been

made to tabulate its elements.

In the first live miles are two islands and some middle ground. For

eight miles, from the upper end of Detroit to Fighting Island, it is quite

uniform, with an average section of 87,000 square feet, a width of 2,560

feet, and a mean depth of 84 feet. For the next nine miles to Stony

Island, the river is subdivided by islands, and is very wide with doubt-

less a much larger section.

For the 20 miles from Lake St. Clair, or to within two miles of the

Stony Island crossing, the net mean depth will run from 30 to 36 feet.

From about two miles above Stony Island, rock bottom of compara-

tively shallow depth extends for ten miles or more, reaching- welt out

into Lake Erie. The minimum section on line of bridge at Stony Island

is as follows :

Width. Section. Mean depth.
Oppositedock 2,500 45,000 18
Stony Island bridge 1,000 7,000 7
American bridge 1,300 19,500 15

Total 4,800 71,500 15
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At the Lime Kiln Crossing, immediately below Stony Island, the sec-

tion is as follows :

Width. Section. Mean depth.
Canadian Channel 8,300 76,000 9.5
American 2,700 35,000 13

Total 11.000 111,000 10

Five miles below Stony Island Crossing, at Bar Point, entrance to Lake
Erie, the section is 20,000 feet wide, with an area of 296,000 square feet,

and a mean depth of 14.8 feet. Over this reach and for three miles

farther into Lake Erie, the channel of 18 feet depth is very limited.

Considering the channel from Lake Huron to Lake Erie as a whole,

about two-thirds of the total fall of 8.4 feet appear to be concentrated in

nearly equal proportions at three localities, viz : Port Huron Rapids, St.

Clair delta and in the vicinity of the Lime Kiln Crossing, the balance being

distributed over some 50 miles of river. It is evident that these ruling

points largely determine the fluctuations injjthe river and in Lake Huron.

Independent of the general fluctuations due to volume of water which
affect the lake and river system as a whole, the level of Lake St. Clair

is probably determined in the largest degree by the Lime Kiln Crossing

and the slope of river above, or is measurably independent of the fluctu-

ations of Lake Erie. The following considerations bear upon this point.

Owing to its shallowness, meteorological causes produce marked fluc-

tuations upon Lake Erie. The current at the Lime Kilns is sometimes

increased to four or five miles per hour. The effect is seen in an estuary

mouth of the Detroit River, practically unmodified by the littoral drift.

Of course there is comparatively little detritus for a delta formation.

The fact that there is a delta at the mouth of the St. Clair, formed by

very slow accretion, presupposes freedom from rapid and frequent fluc-

tuations, such as occur in Erie. The delta building material is supplied

from erosion in the St. Clair River, still going on, the littoral drift under
northerly winds down both shores of Lake Huron, which converge upon
the head of the river, and the roily water from storm action.

The discussion would seem then to limit itself to the river from Huron
to St. Clair. As the effect of the conditions in any given reach diminish

up-stream, the lower reaches of the river will have less weight than those

near the lake, and the St. Clair delta less than the Port Huron rapids. As
these rapids present a section of radical resistance they are probably most
largely determinative of the level of Lake Huron under the general

conditions prevailing. (See discussion by Messrs. Wisner and Johnson.)

If the stream were of uniform prism and indefinite length, the general

law of variation of volume with mean depth could be applied, the rela-

tive effect of any reach remote from the lake not entering. If the stream

is of irregular section, but uniform in its general characteristics, the re-

lation would involve higher powers. On the supposition that the river

might be sufficiently long and characteristic to be determinative, the

volume has been assumed to vary as the third power of the mean depth,

the mean depth being taken at 25 feet or less. (See Appendix No. 8,

Lake and Gulf Waterway.)
A method of discussion much applied to Western rivers is to deter-

mine the relation of volume to gauge height for any locality in question.

The origin of all such curves is at that level at which flow would cease
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if the stream be depleted—the crest of some bar below, or tbe surface of

some body of water into which the stream debouches. In this case, it

would be the level of Lake Erie, or it might be the level of Lake St.

Clair, or the virtual crest of the delta bars.

If the level of Erie is assumed, the zero of the curve would be 8. -4 feet

below the head of the river. If the discharge increased uniformly
from this level, then the increment for each foot would simply

225,000
be = 25,600 cubic feet. Such curves involve the second power

of the gauge height, and freauentlv the third. The hydraulic conditions

in this case imply a curve of high order. The increment would there-

fore be greater, and would probably exceed 4.000 for each tenth of a foot

near mean level.

If the origin were taken at the level of Lake St. Clair. 5. 4 below Huron,
the increment would be correspondingly greater. If the level of tbe delta

bars, 12 to 13 feet below Huron, be assumed, the increment would be less.

Niagara River.—Outlet of Lake Erie: mean discharge. 265.000 cubic feet

per second. -

The Niagara River, as it leaves Lake Erie, opposite Black Rock, is much
contracted, and has a rapid fall and high velocity, more pronounced, but
not unlike the St. Clair at Port Huron.

This contraction is about two miles long, the average width being 2,000"

feet, the cross-section 85,000 square feet, the mean depth 174/ feet, and
the velocity 7.6 feet, all as determined from the published charts. The
fall in this section is 4 feet. The channel is comparatively large below,,

and is nearly equally divided by Grand Island from a point five miles

from the lake to within three miles of the falls. The distance to the falls

is 23 miles by the American channel and six miles less on the Canadian
side. The fall from the lake to Tonawanda, some eleven miles, is ap-

proximately 7.5 feet, and to the foot of Grand Island 3.8 feet more, giv-

ing a grade to the river below Black Rock of about 0,4 feet per mile, and
about 0.6 feet per mile to the Canadian channel. Immediately above
the falls is a rapid descent of over 60 feet before the final plunge.

The conditions here are much simplified by the positive contraction at

Black Rock and the free discharge below. It is apparent that the dis-

charge curve must have its origin near the level indicated by the mean
depth and that the variation of volume cannot be less than the li power
of the mean depth as in either the weir or mean depth formula, leaving

out, of course, the variation in slope.

Small variations in gauge height will be practically the same in mean
depth. In comparing discharge to gauge in cases like the present, it is-

usually found that the velocity varies uniformly while the area of section

increases in a somewhat higher ratio—in other words, the discharge

varies at not less than the second power of the hight above the origin.

If the second power be applied, the variation will be 3,000 cubic feet

for a change of one-tenth of a foot at mean level.

The mean depth at the head of the rapids near the falls cannot exceed

7 to 8 feet. A change, in level of Lake Erie would probably not affect

the level at this point by over one-fourth. The increase of grade and the

large channel below Black Rock are doubtless effective in producing a
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larger increment. It is known that gales of wind upon Lake Erie pro-

duce very large variations at the falls.

St. Lawrence River.—Outlet of Lake Ontario : mean discharge, 300,000

cubic feet per second.

The following notes in regard to the St. Lawrence are from Maj.

McFarland's report.*

At 45 miles from the lake and 5^ miles below Ogdensburg, the river de-

scends the Galop rapids. The fall from the lake to the rapids is stated at

about 4.5 feet, while the slope of the rapids is irregular and about 10 feet

per mile. The section averages about 250,000 feet and the mean depth

about 45 feet down to Ogdensburg. The section diminishes to 115,000 feet

and the mean depth to 18 feet in the vicinity of the rapids. The section

upon the upper bar is 36,000 feet with a mean depth of 11^ feet; and on

the lower bar, one-half mile below, 25,000 feet with a mean depth of 9 feet.

The fall stated above the rapids is based on the average fall for the entire

St. Lawrence and is doubtless in error. On the basis of the slopes found

in the St. Clair River, it would be almost indeterminate. It is probably

less than 0.5 feet, but will be assumed at that figure. The upper bar at

the Galop would then be 12 feet below the level of Lake Ontario.

Considered as a weir, the increment would be about 4,000 cubic feet

for each tenth near mean level. It is probably greater than this.

DISCHARGE MEASUREMENTS.
During 1867, 1£68 and 1869, Mr. D. Farrand Henry, then an assistant

upon the Lake Survey, was in charge of parties engaged in measuring

the outflow of the several lakes. These measurements were apparently

designed to ascertain the mean discharge during these years rather than

to discover the variation with stage and cannot be applied with satisfac-

tory results to the latter purpose.

Mr. Henry's experience with double floats led him to devise the

telegraphic meter, which he used during the last two seasons. This inslru-

ment has since come into quite general use for velocity measurements.
Both with the double floats and the meter, however, the observations

were largely directed to ascertaining the distribution of velocities in the

cross-section. This work was the occasion of a notable controversy

with General Abbott (Humphreys & Abbott, Physics and Hydraulics

of the Mississippi, etc.), and marks a renaissance in hydraulic investi-

gation. Mr. Henry left the survey before the matter had been finally

reduced for a permanent record. Since then great advances have
been made in appliances, methods and skill, hydraulic investigations

having been vastly multiplied. The accuracy of methods employed in

all the earlier observations was greatly overrated, and it is only within

a few years that they have been adequate to the studies now required in

regard to the outflow of the lakes.

It is apparent that the volume of any stream flowing from any of

the lakes will vary with the stage of water in the lake and that the

change in volume may be compared to the change in level. If the ob-

served volumes be platted to the gauge heights, a discharge curve may
be constructed and its equation found. The origin or zero of such a

*Rept. Chf. Engrs., U. S. A., 1882, p. 2,470 et seq. Effect upon level of Lake Ontario
by improving Galop Rapids.
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curve, as previously explained, will be at that level at which flow would
cease, if the stream were depleted. These observations can be used for

this purpose only to a very limited degree.

The observations rarely covered more than a fraction of the cross-sec-

tion in any one day, and in computing the observations several days, and
sometimes the season's work is reduced as a single measurement. Where
the discharge is given for each day's work, it is ascertained by comparing
the partial discharges with the mean for the season in the same portions of

the section. The elevation of water is usually referred to a local gauge.

To utilize these data for the present purpose it is necessary to refer the

discharge to the elevation of the lake from which the stream flows. For

this the gauge records have not always been available, and it has been

necessary to approximate the elevation from the published charts of fluc-

tuations. There are large discrepancies in the individual measurements,

due doubtless to change in flow distribution, sudden fluctuations and
other causes, so they have been combined in groups for comparison with
general lake elevation over a limited period. Such methods can have
only the most general value.

The elevations given are referred to the high water of 1838, measuring
downward.

St. Mary's River.—One mile below rapids. Mean level of Lake Superior,

3 feet below the assumed high water of 1838.

1867—(See Rept. Chf. Engr. 1868, p. 949 et seq.) Method of observation,

by double floats.

From July 3 to August 5 inclusive, observations were made on 24 days

and all reduced as a single measurement. There was little change in

gauge height or volume.
Level of Lake Superior 2.20
Discharge per second 90,783 cubic feet.

The attempt to separate the data as presented ii-to groups is unsatis-

f actorv. Some of the comparisons indicate a volume of 18,000 to 20,000

for a change of one foot in level, while others are not significant. This

is, however, close to the amount indicated by the hydraulic conditions

at the rapids.

The level of the lake was some 0.8 feet above mean level. This would

indicate the discharge of Lake Superior at about 75,000 cubic feet, or

less than given by Mr. Schermerhorn.

No subsequent observations were made at Sault Ste. Marie.

St. Clair River.—St. Clair. 12 miles below Lake Huron. Mean level of

Lake Huron, 2.82 feet below high water of 1838.

1867—(See Rpt. Cbf. Engr., 1868, p. 949 et seq.)—Method of observa-

tion, by double floats.

From June 20 to July 19, inclusive, observations were made on 20 days,

and all reduced as a single measurement.
Level of Lakes Huron and Michigan, 2.62 feet.

Discharge per second, 233,726 cubic feet.

1868—(See Chf. Engr., 1869, p. 562 et seq.) -Observations by meter.

From June 27 to September 17 observations were made on 44 days, only

seven of which exceeded one-third the divisions in the cross-section.

Reduced as one measurement, the result is as follows:

Level of Lakes Huron and Michigan, 3.42.



LEVELS OF THE LAKES. 151

Discharge per second, 216,435 cubic feet.

1869—(See Chf. Engrs., 1870, p. 554 et seq.)— Observatio ns by meter.

From July 16 to September 3, observations were made on 26 days,

usually over but one or two divisions of the cross-section. The mean for

the series is as follows:

Level of Lakes Huron and Michigan, 2.82.

Discharge per second, 217,658 cubic feet.

The quantities have been compiled in the following groups:

Date. No.
Local
gauge.

Level of
lake. Discharges. Remarks.

1867.

June 20-30 8
6
6

9
9
9
8
9

9
9
8

2.08
2.05
1.99

1.97
1.96
2.03
2.11
2.19

1.02
0.94
0.93

2.73
2.64
2.50

3.18
3.22
3.36
3.57
3.70

2.92
2.77
2.80

232,732
234,500
236,572

218,118
221,135
216,088
215,791
210,226

205,986
220,665
227,420

July 1-11
July 13-19

1868.

June 27-July 10

Julv 16-28
By meter.

July 29-Aug. 13

Aug. 14-26
Sept. 1-17

1869.
July 16-27
Julv 29-Aug. 20
Aug. 23-Sept. 30

From an inspection of the table it is apparent that it wiJl not be judi-

cious to compare the observations of different years. It is also apparent

that the local gauge is not the same in different years.

With these cautions, a careful platting of discharge to gauge does riot

reveal definite conclusions. Several trends are suggested which appar-

ently indicate results all the way from 16,000 to 50,000 cubic feet for a
change of one foot in the level of Lake Huron. In the same manner a va-

riation of 40,000 to 50,000 cubic feet is indicated for a change of one foot

in the level of the St. Clair River. It is also apparent that the fluctua-

tion in the river is less than in the lake.

The inference is similar to that derived from the hydraulic conditions.

A platting of the quantities in detail does not change the indications.

The discharge at mean lake level is sufficiently indicated by the quan-
tity given by Mr. Schermerhorn, viz., 225,000 cubic feet.

Niagara River.—Below Falls, in the vicinity of Lewiston; mean level

of Lake Erie, 2.15 feet below high water of 1838.

1867—(See Rept. Chf. Engrs., 1868, p. 949 et seq.) Method of observa-
tion, by double floats.

From August 20 to September 25, inclusive, observations were made
on 24 days, and all reduced as a single observation:

Level of Lake Erie at Buffalo, 2.36.

Discharge per second. 242,894 cubic feet.

Compiled in groups of six each, the results are as follows:
Date. Buffalo gauge. Discharge. Remarks.

Aug. 20-27 2.18 252,451 Level at Lewiston
Sept. 2-11 2.30 250,542 simply indicates
Sept. 12-18 2.42 242,538 level of Lake.
Sept. 19-25 2.54 232,307 Ontario.

This table indicates a volume of 75,000 cubic feet for a change of one
foot on the Buffalo Gauge or in the level of Lake Erie.

1868—(Chf. Engrs., 1869, p. 562 et seq.). Observations by meter.
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From June 10-Septernber 17 observations were made on sixty-five

days, six of which covered half the stream. The data are reduced as

two observations and as a whole, as follows :

Buffalo gauge. Discharge.
June 10-July 17 1.72 301,307
July 17-Septeniber 17 2.20 258,586
June 10—September 17 2.02 273,329

These quantities give 95,000 ft. for a change of one foot in level of

Lake Erie.

The following detail table has been compiled from the daily discharges:

Date. No. Buffalo gauge. Discharge.
June 12-30 11 1.68 293,563
July 1-17 14 1.76 290,506
J illy 22-August 15 15 2.03 258,052
Aug. 18-31 11 2.28 240,800
Sept. 1-17 14 2.34 239,700

This table indicates 87,500 cubic feet as the variation for one foot

change of level.

The observations of this and the preceding year are in substantial ac-

cord, and indicates a much larger variation of discharge with gauge
than that inferred from the hydraulic conditions.

1869—(Chf. Euers., 1870, p. 554 et seq ) Observations by meter.

From June 12-September 25 observations were made on fifty-seven

days, of which eleven cover half the stream. The data are reduced as

a single measurement:
Level of Lake Erie at Buffalo 1.75
Discharge per second 214,895 cubic feet

From the table of daily discharges the following is compiled:
Date. No. Buf. G. Discharge.

June 10-24 10 1.97 219,810
June 25-July 9 10 1.68 214,438
July 10-27 10 1.48 217,987
July 28-Aug. 13 10 1.49 220,890
Aug. 14-27 10 1.90 192,012
Aug. 28-Sept. 25 7 2.06 212,354

No results are signified.

The volumes for this year are not in accord with those of the two
preceding years. These indicate a discharge for mean lake about 5,000

less than heretofore adopted, or 260,000 in lieu of 265,000. It may stand

at the latter figures until more conclusively determined.

St. Lawrence River.—At Ogdensburg, 40 miles below Lake Ontario.

Mean level of Lake Ontario, 2.39 feet below the high water of 1838.

1867—(Rep. Chf. Engs., 1368, p. 949 et seq.)

Method of observation, by double floats.

From August 3 to September 17, observations were made on 19 days,

and all reduced as a single measurement.
Level of Lake Ontario at Oswego, 1.45.

Discharge per second, 319,943 cubic feet.

Compiled in groups the results are as follows :

Odgs. Lake
Date. No. gauge. Ontario. Discharge.

August 3-17 7 0.84 1.20 337,539
August 21—September 5. .. .-. 6 1.21 1.45 319,943
September 6-17 6 1.62 1.75 302,346

These quantities give 45,000 cubic feet for a change of one foot at Ogdens-
burg and 63,000 for a change of one foot in the level of Lake Ontario.

The result is similar to that inferred from the hydraulic conditions.

None of the observations cover over one-half the cross-section.

1868—(Chf. Engrs., 1868, p. 562 et seq.) Observations by meter.
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From June 15 to September 14, observations were made on 53 days, six

of which covered one-half or more of the cross-section. The data are

reduced as a single observation.

Level of Lake Ontario, 2.60.

Discharge per second, 272,095 cubic feet.

From the daily discharges, the following table is compiled :

Ogdensburg Oswego
Date. No. gauge. gauge. Discharge.

June 15-30 10 1.94 2.32 268,660
July 1-15 11 2.00 2.37 268,262
JulV 20-31 10 2.27 2.50 270,790
August 3-14 7 2.29 2.60 275,204

August 18-31 8 2.49 2.75 265,220
September 3-14 7 2.60 2.85 267,880

These observations do not indicate any result, except that the fluctu-

ations are greater at Ogdensburg than at Oswego.

The observations of 1867 indicate 261,000 for the discharge of Lake
Ontario at mean level, while those of 1868 indicate 284,000. The latter

seems justified by the relative areas of the several basins.

No measurements were made in 1869.

GENERAL CONSIDERATIONS.

The chart of fluctuations for the past 28 years shows that both Lakes
Erie and Ontario reach high water before Lakes Huron and Michigan,

The high water of Lake Superior sometimes appear to prolong the high

water in Huron and Michigan, or brings the culmination later than its

normal time. The surfaces of Lakes Erie and Ontario are about 25 per

cent, of their total basins and their tributaries are in nearly the same
latitude, and also in the storm route, so that they get a concentrated in-

flow from melting snow or general precipitation. This gives a sharper

annual fluctuation and a greater range than for the upper lakes, inde-

pendent of outlet conditions. These effects may be imposed upon rela-

tively large or small volumes from above, though this variation is limited

by the capacity of the outlets and tlie reservoir action of the upper lakes.

Lakes Michigan and Huron, and Lake Superior also, are each about

40 per cent, of the total areas of their basins, and their tributaries are

distributed over a considerable range of latitude, which gives a more
gradual supply of snow-water. Both causes would diminish their fluc-

tuations. The precipitation in the Superior basin is also less.

The hydraulic conditions at the several outlets are not the same, and

if the lakes were subject to similar conditions in all other respects, the

mean annual range, the mean discharge and the increment should have
definite relations to each other. The relative value of the several incre.

ments should be indicated by the mean discharge divided by the mean
range. Assuming 20,000 for the increment of flow due to one foot on

Lake Superior, the St. Clair and Niagara rivers would each give 55,000,

and the St. Lawrence 47,000. The conditions are not so radically dissim-

ilar as to make this valueless as a general confirmation of previous in-

ferences.

The writer has suggested a regulating dam at the Sault Ste. Marie, not

for the purpose of meeting the effects of the abstraction of 10,000 cubic

feet at the head of Lake Michigan, but to enable a far larger amount to

be taken out for the purpose of improving the navigation of the Missis-

sippi River by additions to its low-water volume, without impairing the

.level of the several lakes for navigation.
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The present discussion niakes it apparent that there are large varia-

tions in the discharge of the several outlets with variation in stage ; the

periods of high water are not identical, hut those of low water are very

nearly so. Any regulation should contemplate no lowering of the low-

water plane ; in fact, on the contrary, an improvement in steadiness near

low water should be maintained.

In order to discuss this matter with a view to positive conclusions, the

variation of discharge with gauge height at the several outlets should be

carefully ascertained. The records of gauge height for the past thirty

years will then enable the variation in discharge to be platted for that

period. It is then simply a question of how far the discharge of Lake
Superior may be applied so as to equalize the fluctuations on Huron and
Michigan, and incidentally of Erie and Ontario. The chart of gauge
heights for all the lakes under the new conditions could then be platted.

It is believed that by such regulation the surfaces of all the lakes below
Superior could he permanently maintained at considerably over one foot

above low water. If so, it would certainly be possible to abstract all the

flow due to a variation of one foot without impairing navigation as ex-

isting under present conditions.

The effect upon Lake Superior would be to increase its range some-
what. The character of the shores and of the harbors upon this lake are

such that no material interests would be seriously affected. The situa-

tion at the Sault is such that the cost of such regulation would be com-
paratively small, probably within one million dollars. The measure
should raise no international question, for it would certainly be bene-

ficial to all riparian owners on the other lakes.

There are many most interesting phenomena alluded to by Mr. Henry.

The writer has made systematic observations for currents in the open
lake, not only near shore, but across the lake from Chicago in 250 feet of

water, and has never failed to find them, usually of less than one-half

mile per hour. Periodic oscillations in 20-minute intervals are nearly

always discernible on the automatic gauge and sometimes they assume
a large amplitude, a range of two or three feet. There are many authen-

ticated instances of very large fluctuations without adequate apparent

cause.

Seven gauges set about Lake Michigan in 1886 and read at five- minute

intervals seemed to show that the periodic oscillations were simply a
swing of the water from shore to shore. What is more remarkable, one

day's observations showed a general lowering over the whole of Lake
Michigan of several inches, which could only have occurred by the trans-

fer of the water to Lake Huron, through the Straits of Mackinaw. These

were found to be of the requisite capacity, and the heavy currents found

there at times are thus explained. A high barometer on Lake Michigan

as compared to Lake Huron, sufficiently accounts for the phenomena.
Generally, all these phenomena are referable to meteorological conditions.

The physics of the lakes have never been adequately studied, and it is

a profoundedly interesting field for research. The writer had charge,

uader the Chicago Drainage Commission, of an extended series of obser-

vations of great value, but the work was never completed and the results

d gested. The matter is alluded to for the purpose of stimulating labor

in an un worked field.



CHANGE OF GAUGE OF THE OHIO & MISSISSIPPI RAILWAY
COMPANY'S TRACK.

By Isaac A. Smith, Member of the Engineers' Club of St. Louis.

[Read December 19, 1888.]

Early in the spring of 1871 the engineering department of the Ohio &
Mississippi Railway Company was officially informed that the gauge of

the track must be changed from six feet to four feet and nine inches, in

the shortest time practicable. The magnitude of the undertaking may
be better comprehended when it is understood that the length of the

track from Cincinnati to East St. Louis is three hundred and forty miles,

and the length of the branch track from North Vernon to Jefferson ville

is fifty-two miles, making a total distance of three hundred and ninety-

two miles. At the time this work was undertaken the entire track, in-

cluding all bridges, trestles, water-stations and all other buildings and

terminals, were uader the direct control of the chief engineer of the

company. The organization consisted of two division engineers, one

superintendent of track, one superintendent of bridges and buildings,

and a road master for each fifty miles of road. The division engineers

and superintendents of bridges and track ranked equally and reported

to the chief engineer. The roadmasters reported for orders to the

superintendent of track, and the superintendent of bridges had various

sub-divisions of his work upon different parts of the road.

I desire to say in passing, by way of digression, that this arrangement,

by which all of these features are kept under the control and manage-
ment of a chief engineer, who fully and thoroughly understands his

business, is to my mind a system best calculated to secure the greatest

amount of service for the least expenditure of money. There are, how-
ever, comparatively speaking, but few engineers who understand enough
about permanent way, terminals, water stations, bridges and trestles,

and such other physical features as enter into the operation of a large

railway, to occupy a position similar to the one I have described. This

may be a result of there being but little demand for engineering service

of this character, but it seems to me important that civil engineers

should acquaint themselves with the requirements of constructed roads

as far as possible, thus widening the range of their usefulness, and open-

ing to them ai the same time new and usually permanent fields of labor.

The chief engineer of the Ohio & Mississippi Railway at this time was
Col. T. D. Lovett; Mr. R. L. Engle was division engineer of the Eastern

Division, extending from Cincinnati to Mitchell, Indiana, and including

the Jeffersonville branch, and the writer had charge of the Western
Division from Mitchell, Indiana, to East St. Louis; Mr. E. S. Duval was
superintendent of bridges of the entire road, and Mr. W. W. Jones
trackmaster, each of whom reported for orders to the chief engineer.

Preparations were at once set on foot to accomplish this work, and hav-
ing no precedents from which to draw information, the engineers were
thrown upon their inventive powers for plans. The chief engineer him-
self, while a man of great learning and engineering capacity, in the
particular line or work urer wnich he had control, had but little infor-
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mation to give to his subordinates relating to an undertaking of tbis

character. Being generally disposed to tbrow bis subordinates upon
their own resources, and thus strengthen and increase their efficiency,

he was in this case compelled to do so. Upon consultation with the engi-

neer of the Eastern Division it was deemed best as a first step to make a

thorough examination and remeasurement of the track for the purpose
of locating the tangent points of curves, valleys and summits of

grades, the length of sidings, and all other matters of interest.

On arriving at tbis conclusion we were met with the rather stubborn

fact that by means of a chain this work would require too much time,

and would not probably have been accurate in the end, and that some
other method would have to be adopted. Consequently a device was
made consisting of a wheel about three feet in diameter, whose axle was
attached to an iron frame constructed with two arms, one on either side

of the wheel, something like a tuning-fork, at the head or handle of which
was a dial. The wheels moving the hands were geared to tenths, the

large hand on the dial so adjusted that when it made a complete circuit

of the dial the wheel had traveled 100 feet, the outer rim of the dial

being graduated so that the hand would indicate each foot, or having

100 divisions, the fifth and tenth divisions being made prominent by
being increased in length slightly, the tenth divisions being numbered
from 10 to 100. The large dial was about 6 inches in diameter ; five

smaller dials were arranged upon the face of the large one, the hands

of which would indicate hundredths, thousandths, ten thou-

sandths, etc. For each complete circuit of the large hand the hand
of the first small dial would move one point, and for each complete

circuit of the small hand of the first dial the second small

hand would move one point, etc. The large wheel was connected to the

recording device by beveled gearing and a shaft. It was provided with

a rubber belt to prevent slipping upon the rail. It was flanged like the

driving wheel of a locomotive. The wheel was pushed along on the

rail, and when one mile was reached the recording device set back to

zero and another mile measured, and so on. Stakes for new mile-posts

were numbered appropriately and put in at each mile. If an inter-

mediate measurement was needed, the wheel was simply stopped right

at the point and the index dial read, which gave the number of feet

from the last mile. This measurement began at 160 feet east of the east

line of Mill street, in Cincinnati, Ohio, and proceeded westwardly to the

west end of the track at East St. Louis, 111. The engineers took turns

about in keeping the record and holding the wheel. The man operating

the measuring machine sat upon a stool fastened to the front end of a

hand-car, and held the dial end of the frame in his lap, while the wheel

ran along upon the rail. The car was propelled in the usual way, but

great care was taken to run it steadily. Sometimes twenty-one miles

would be measured in a day, sometimes less, depending largely upon

the kind of weather encountered. It required twenty-eight days to

measure the road three hundred and ninety-two miles in length. We
found all of the old mile-posts wrong ; where the country was hilly

he posts were too close together, and on level ground, especially over

he prairies of Illinois, they were invariably too far apart. The main
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line was found to be three hundred and thirty-eight and eight-tenths

miles long instead of three hundred and forty. The branch developed

no change. Every bridge, culvert, trestle, side track, the kinds and char-

acter of rails and joints, were measured and counted and carefully ex-

amined. The amount of fencing, the num ber of telegraph poles to the

mile were carefully recorded. The quality and quantity of ballast was
measured and recorded, and in fact every feature of detail was carefully

examined, and, if necessary, measured. A pi e^ial field book was pro-

vided which had the double page ruled with vertical columns, where
every character of measurement and examination likely to be met with

might be recorded. In the right-hand column « f the left-hand page the

measurement of the track was recorded; the different features, such as

the grade, ties, ballast, culverts, cattle guards, bridges and trestles fol-

lowed in columns to the right. The rails, ties, side tracks, curves to

right or left, stations and section houses, telegraph poles and fencing

were recorded in appropriate columns to the right or left going west as

the case required. Each horizontal line of the record book represented

one hundred feet, and a plus measurement was written between the lines

in figures in a column set apart for that special feature to which the

plus measurement referred. This arrangement was adopted to avoid

field writing, which would have been very copious, consuming much
time and space, and would have been, perhaps, difficult of intrepretation

in the end. One engineer kept the record and the other run with the

machine, alternating each day.

The next step in the progress of changing the gauge was changing the

position of stringers on the bridges, trestles and cattle guards so as

to bring them in the right position for the new gauge. This was done
by moving the stringer one-half of the distance that the rail would have
to be moved. This would leave the rail, while right for the old gauge,
with sufficient support upon the ties, and would also support the rail

when in its new position. The old gauge being six feet, the new four
feet and nine inches, the difference was fifteen inches, and it was deter-

mined to move both rads inward seven and one-half inches, by which
means the centre of the old track was preserved midway between the

rails and also midway between the lines of the rights of way. Many
stringers were condemned, and in such cases new ones were put in in-

side of the old ones and secured with packing blocks and bolts to the
old ones. The new cnes were, of course, adjusted for the new gauge.
The ties of the track were thoroughly tamped to an even
plane and were then adzed down so as to receive the rail

when throw to the new gauge. This adzing was a very impor-
tant and costly feature. The work had to be evenly done to a tem-
plate that was constructed so as to fit on the rails, and a flat board
was so fastened to the template that its under surface showed just where
and how to adze the tie. After that was done, the inside row of
spikes were driven in every tie for the new gauge. The template above
referred to showed where they were to be driven. They were left stand-
ing up about one- fourth of an inch, so that the flange of the rail would
slip under the heads of the spikes to its place. Then a chisel with a
point like a spike was used to make a hole in the tie where the outside
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spike would be c riven. On all curves the outside rail was cut and put

in the track just enough, shorter than the old rail to allow for the new
gauge, and the inside rail h.id its joints loosened so as to allow for the

increased length.

It must be borne in mind that the character of the track was quite dif-

ferent from the tracks now in general use. The rails were mostly the

old three and a half inch "pear" shape pattern, held together with bolts

and long wooden joints, some of them five feet in length. Fortunately

the bolt holes in the rails were elongated, and by loosening the nuts

enough "expansion" could be secured to account for the increased length

of the inside rail, but with the outside rail the case was different. Here
a rail was cut the right length for the new track and put into place at

suitable intervals. Upon the day of change no rails were rut. The frogs

in use in the side track upon the main line were all of the old-fashioned

spring frogs. They were usually one in eight, or No. % frog. Of course

it was necessary to either change the head block or the frog in narrowing

the gauge, and it was determined of the two evils to choose the least,

therefore the head block, with the switch stand and all of its appoint-

ments, was left in its original position, and the distance from the head

block to the point of the frog for the new gauge was carefully marked, the

"lead'' was carefully laid out with spikes in proper places for the flange,

and rails were cut where necessary to substitute for those of the lead of

the old gauge. By this arrangement the frog was changed to the new
gauge almost as quickly as any other portion of the track. The side

tracks were prepared for a change just as the main track was, but it

was not intended to change them upon the day on which the main track

was changed. Only enough side tracks were changed upon that day to

be used for meeting points of the through passenger trains in service.

This work of preparation required four months to complete it, and upon
Sunday, the 23d day of July, 1871, the rails were thrown to their places

and the gauge actually changed. The process by which this was done

is as follows : The sections of track were divided into five miles each.

About forty men were placed upon each section. They began their work
at the eaet and west end of the sections and worked from and towards

each other in gangs. Four men with claw bars led the gang of work-

men and pulled out the in:ide spikes holding the rail in its position, these

spikes having been previously loosened. Then six men, three on

each side, followed, the first two throwing the rails over about

one-half of the distance, the next two throw in about one-half the

remaining distance, and the last two throwing the rail against the inside

row of spikes. Following these men was one man on each side of the

track with a hatchet in his hand, who picked up the spikes that had been

drawn out and "tacked" them in outside of the rail at their proper

places in the holes previously made. Following these came
the men who swung the spike malls and drove the spikes to their

places. A hand car followed with the materials required, furnishing

new materials where necessary, and picking up and taking care of the

old. This system was adopted upon the whole line of the road. The work
began from four to five o'clock in the morning, and the time required to

complete the change was from three to six hours. With some of the side
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tracks it was necessary to use temporary cast frogs, but they were not

generally used, and were discarded as soon after the gauge was changed

as practicable. Two thousand seven hundred and twenty men weie

employed upon the whole line, 350 were obtained from roads centering

in St. Louis 80 from Spiingfleld, and 270 from Southi rn Illino's. They
were paid 25 cents per hour for time actually employed upon the road.

New crossings made to standard gauge were provided for all railway

crossings, and put in place by the crossing maker upon the day of

change.

The total cost of the change of track was about $25,000. This does

not include the reduction of rolling stock, or the purchase of new loco-

motives, but applies only to the track proper.

There was a large amount of work done by the other departments of

the road, all looking to this event, such as putting standard gauge

trucks under passenger and freight cars, reducing the size of boilers of

engines, and putting them upon standard gauge trucks, arranging the

terminals by putting in a third rail where needed, and many other mat-

ters of great importance to the success of the work as a whole, with

which the writer had no official connection.

I would be glad to give the total cost of this work so far as it referred

to the track, and the cost in detail of the various departments of labor;

but having no official connection with the road now, and the time being

so far in the past, it is impossible for me to do so.

Upon the day that the gauge was changed the passenger trains leav-

ing East St. Louis in the evening, and also leaving Cincinnati in the

evening, made their customary trips over the road without any delay.

The day following the change the side tracks were all changed to the

proper gauge, and on the second day following the business was re-

sumed upon the line of the road as though no interruption had taken

place; in fact, but very little interruption did take place. In those days

Sunday was not used as a day for excursion trains, or a day to work off

old delayed freight, as it is now, but was generally regarded as a sacred

day and a holiday, and only sufficient trains ran on most roads to carry

tne mail, and these trains ran upon the day of change without any inter-

ruption.

Changing the locomotives was done by narrowing the fire-boxes 7-J-

inches on each side. The boilers averaged 40 inches in diameter, and the

fire-box was reduced 15 inches in width.

The axles were shortened 1\ inches at each end, the machinery relo-

cated, and the frame set in in the same proportion.

THE NECESSITY OF A DEFINITE AND DETERMINATE SYSTEM
OF WEIGHTS AND MEASURES.

By Charles C. Breed, Member of the Western Society of Engineers.
[Read November 14, 1888.]

The measures of length, weight and capacity are of daily reference and
use in individual and commercial transactions, and have been aptly

ranked as necessities cf life. There is no subject in which the general
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business interest of the country, as well as progress in science in all of its

departments, are more deeply involved. The subject having occupied
the attention of the most abstruse thinkers and the ablest law-givers in

all ages, necessitates an excuse being offered for choosing a subject

whose intricacies suggest a modest distrust in the writer's ability to do it

justice, and calls to mind that " Fools often rush in where angels fear

to tread."

No one who has discussed the subject of our present system of weights

and measures has considered the present arrangement an enduring one,

on account of its being so deficient both in simplicity and in system. No
cause has contributed more embarrassment to the facility of commercial
exchange than our ambiguous system, with its many units of an indefi-

nite character. Habit has indeed made us submissive to constant incon-

venience, and while it is true that the United States was the first to move
in the direction of a decimal system,the delay of our government, caused

by the reluctance to make a violent change, and the desire to act in har"

mony with England, renders it possible that the United States will be

among the last in the column of nations to take this step in the march
of civilization.

The object of this paper is to show, as much as may be in the power
of the writer, the many inconveniences involved in the want of

uniformity between the different units of weight and measure, and the

utter lack of connection, not only with each other, but with any natural

or recognizable quantity.

Every system of measurement is founded on the possibility of trans-

ferring a fixed figure from one part of space to another with unchanged
form, and by examination of the different methods of transfer we find

that most of the quantities for which measurement is needed may be

ultimately expressed by one of the following ways: Definite length,

definite weight, definite capacity. Magnitudes possessing only one

dimension present the theory of measurement in its simplest form, and to

this class belongs the transfer of a fixed figure by measurement of length.

LINEAR MEASURE.
The different units used in the United States for the measure of

length are derived directly from the English—strange to say the Ameri-
can people still cling to these old, arbitrary units established by another

country.

Tlie Mile.—The mile being the largest terrestrial measure of length in

common use among the nations of the world, let us try and determine

its origin. It is said to be derived from the Roman "Millaire," which

consisted of one thousand paces of five Roman feet each. The pace was
measured from the spot where one foot was set down to the spot where

the same foot is again set down.
The modern mile in different countries exhibits a remarkable diversity

not satisfactorily accounted for. During the thirty-fifth year of the

reign of Queen Elizabeth an act was passed making the statute mile con-

sist of 8 furlongs of 40 perches of 16* feet each, or 1,760 yards of 3 feet

each. The nautical or geographical mile bears the same relation to the

earth's circumference at the equator in miles, as the minute or 1-60 of a

degree does to the circle, and is therefore about 2,025 yards.
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The Foot.—The foot is the most common unit of linear measure in U8e,

and was evidently taken from the human foot; and as that varied in

length in different countries, so did the measure. The established unit

of measure of that name in this country was taken directly from the

English standard, and is compared with the length of the pendulum*to

swing seconds in the City Hall in New York City, the foot being of the

proportion as 12 is to 39.1012 inches.

We see by the foregoing that our system is no more determinate than

was the standard established by Moses called the cubit (about 18

inches), taken from the average length of the fore arm, or the Roman
digit, as the length of the finger, or the palm, or stride.

During the reign of Henry III., in the year 1266, the grain of wheat was
taken as the standard cf both weight and linear measure. . Afterward,

in 1324, during the reign of Edward II., the grains of barley were substi-

tuted for the wheat, hence it was declared that 3 barley corns round and
dry shall make au inch, and 12 inches to the foot.

To show you some of the perplexities and embarrassments involved in

our customary linear tables, I wish to cite the following:

In the government standards the yard is divided into tenths and
hundredths. Engineers use neither the yard nor the inch, but divide the

foot decimally into tenths, hundiedths and thousandths. Mariners use

the cables-length, consisting of 120 fathoms of 6 feet each. Land sur-

veyors use the Gunter's chain, consisting of 66 feet, divided into 4 rods

of 16i feet, each rod consisting of 25 parts, called links ; thus dividing

the chain into 100 links of 7.92 inches, making it easier to measure land,

as each square chain contains 16 square rods, and the acre consists of 10

square chains. Architects and mechanics reckon by the foot and inch,

with the latter subdivided into halves, quarters, eighths and sixteenths.

Dry goods are measured by the yard, with the subdivisions of half,

quarter and eighth. Pendulum rods of clocks are measured by the

"line," or one-twelfth of an inch, and the "point," or one-seventy-second

of an inch. Horses are measured by the hand of 4 inches. Our linear

system, now in actual use in tabular form, ascends from the barley corn

to the league by factors of 3, 12, 3, 5£, 40, 8, 3.

WEIGHT.

In making the transfer of a fixed figure by measurement of weight we
are forced by the custom of our country to use one of three systems
of units, depending upon the substance to be measured.

Troy.—The standard weight for coinage purposes is the troy pound,
derived also from the arbitrary English standard. It is subdivided into

either 12 ounces, 240 pennyweights, or 5,760 grains.

Apothecary's.—The apothecary's table uses the troy pound as its

standard, with the same number of grains, but is differently divided

—

consisting of 12 ounces, of 8 drachms, of 3 scruples of 20 grains each,

and is used, as its name plainly shows, for measuring medicine.

Avoirdupois.—The avoirdupois table of weights, used more commonly
than either of the other two, has a standard pound consisting of 7,000

grains, and is divided into 16 ounces of 437.5 grains, or 256 drachms of

27.344 grains. The ounce is sometimes divided into halves and quarters,
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probably for the purpose of lessening the confusion occasioned by the
fractional number of grains contained.

Quarter.—A weight called a "quarter," consisting of either 25 or 28.

pounds, is also used; and a hundred-weight of four quarters enjoys the
indefinite meaning of either 100 or 112 pounds—and as twenty hundred-
weight constitute a ton, making the net ton equal 2,000 pounds, and the

gross ton 2,240 pounds, according to the substance to be sold and the
party selling.

Coal is sometimes bought by the gross weight and sold by the net ton.

Pig iron generally has /„ added for tare, thus making a pig iron ton of

2,268 pounds. In our three tables for weighing the only unit common
to all is the grain. The avoirdupois pound is heavier than the troy

pound, while the avoirdupois ounce is lighter than the troy ounce, the

avoirdupois pound equaling 1.215 troy pounds, while the avoirdupois

ounce only equals the .911 of a troy ounce. The apothecary's drachm is-

equal to 2.194 avoirdupois drachms. The avoirdupois pound contains

256 drachms, while the apothecary pound only contains 96. In the three

tables of weight we ascend from the grain with the following factors,

respectively : Avoirdupois, 21^i, 16, 16, 25, 4, 20 ; troy, 24, 20, 12 ;

apothecary's, 20, 3, 8, 12.

CAPACITY.

In the measure of solids the extension of the linear measure to the

third power is indulged in, and tables expressing cubical contents are

used, possessing all the perplexities, only in a more aggravated form r

shown by our table of linear measure. Some of the oddities are as fol-

lows:

In olden times a rod or perch representing 16^ feet in linear measure
was used quite extensively, and amounted almost to a standard: brick

walls, and perhaps a great many cellar walls, were 18 inches thick; they

were measured and paid for by the superficial perch of wall, which at 18

inches thick made 24| feet, cubic measure; this gave rise to 24| cubic

feet being called a perch—then, to discard fractions, it was taken at 25

cubic feet, and it is within the knowledge of the writer of its being reck-

oned as 22 cubic feet (this is superficial perch times 16 inches), 24J cubic

feet, 25 cubic feet, and even 27 cubic leet. This same measure is carried

out in the use of the cord. A cord of wood, consisting of 128 cubic feet,

was supposed to be piled 8 feet long by 4 feet high and 4 feet wide, and
the custom arose of calling 1 foot in length times the end area of 16

square feet a cord foot, and 8 cord feet to the cord. In measuring round

and hewn timber 40 and 50 cubic feet are respectively used as a ton, but

for shipping purposes a ton of 42 cubic feet is used. In dressed lumber,.

everything depending upon the thickness of the boards, the superficial

square foot of boards 1 inch in thickness is called a foot, '* board meas-

ure."

Dry Measure.—In the measurement of capacity we have in addition

to, and determinate from, the foregoing cubic measure, three units— all

adopted from the English, differing in use entirely according to the sub-

stance measured. For measuring fruit, grain, salt and vegetables, the

bushel, consisting of 2,150.4? cubic inches, is the unit of what is called the
" Dry Measure. " It is subdivided into the peck of 537.6 cubic inches, the
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dry gallon of 268.8 cubic inches, the quart of 67.20 cubic inches, and the

half quart or pint.

To make this unit determinate, the United States has made several

efforts : one by saying it was equal to 77.627413 pounds of distilled water

of the temperature of 39.8 degrees Fahrenheit with the mercury in the

barometer at 30 inches. This bushel is identical with the old Winchester

bushel that was introduced into England by Henry VII., sometimes

called the " Solomon of England," and continued as the standard from

1490 to 1S26. In that year England adopted the Imperial bushel of

2,218.192 cubic inches, which is equal to 80 pounds of distilled water, at

the normal temperature of 62 degrees Fahrenheit, with the barometer

standing at 30 inches. This was certainly a step in the direction of

making their measure determinate. The Imperial is equal to 1.03152

Winchester bushels. The United States' standard is still the Winches-

ter, with the exception of New York State, where they have made a

bushel equal to 2,211.84 cubic inches—consequently their peck, gallon

and quart dry measure are different from all others of the same name,

being :

Peck, one-fourth of bushel, or 552.96 cubic inches; gallon, one-half Of

peck, or 276.4S cubic inches; quart, one- fourth of gallon, or 69.12 cubic

inches.

The WT
inch ester bushel being used to measure fruits and vegetables

leaving large interstices in the contents, it is expected to heap the bushel

for fair dealing, and were you to use a shallow and wide measure the

difference would be apparent; so to overcome this the law has fixed the

shape and dimensions, which are as follows :

Internal diameter, 18^ inches; external, 19^ inches; depth, 8 inches;

and with articles requiring to be heaped, the cone shall be six inches

high, thus making the heaped bushel 1J times the struck bushel, or 2,688

cubic inches, and adding another unnatural unit to the already too

lengthy list.

Our dry gallon is one-eighth of the standard bushel, or 268.8 cubic

inches, and by a happy coincidence one-tenth of the heaped bushel. The
chaldron consists of 36 bushels. The bushel, although primarily intended
to have but one value, has undergone a variety of changes. In nearly every
State and in the customs tariff of the General Government the term is

applied as a unit of weight, the law fixing the number of pounds to the
bushel according to the substance weighed. The bushel consequently
has, according to weight, 130 different sizes in this country, in addition
to all of them being of a different size to the English bushel, to which
country most of Our surplus product is shipped in quantities measured
by the bushel.

The disadvantage of so common a unit as the bushel, meaning one thing
in one State and another in another, is easily seen. As an instance, it may
be noticed that 1,000 bushels of barley bought in the State of Kansas at

48 pounds to the bushel, would become 1,500 bushels in New Orleans,
where a contract for delivery would, in the absence of an agreement to
the contrary, be satisfied at the rate of 32 pounds to the bushel. In the
case of rye 1,000 bushels would, by the same* transfer, become 1,750
bushels. Many States fix a ton of coal at 2,000 pounds, or 25 bushels of
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80 pounds each, but the following weights have been used: 72, 74, 76, 78

and 80 pounds. Thus we see that even the most common products of the

earth have no uniform standard of measurement.

Liquid Measure.—The gallon is and has been the standard measure
for liquids from the earliest times, and consequently has undergone
many changps.

In the time of Henry III. it was enacted, in an endeavor to make a

measure of weight also a measure of capacity, that a gallon should be 8

pounds of 12 ounces, each ounce to be reckoned as 640 grains of dry

wheat taken from the middle of the head. There are at the present

time other gallons of the following dimensions: 277.274 cubic inches,

268.8 cubic inches. 282 and 231 cubic inches.

The first is the Imperial gallon of England, and is | of the Imperial

bushel. It is therefore equal to ten pounds of distilled water at normal
temperature and maximum density, and is used for both dry and liquid

measures with the exception of ale or beer, when their particularly

arbitrary gallon of 282 cubic inches is used.

The standard gallon of the United States is the old English wine gal-

lon of 231 cubic inches, and was in use over there from 1650 until re-

placed by the Imperial gallon. We evidently think it good enough for

us, as it is made determinate by comparison with 8.3389 pounds of dis-

tilled water at maximum density, with barometer at 30 inches.

New York State has adopted a liquid gallon of 221.184 cubic inches,

thus making it equal to one-tenth of its bushel, but this apparently sen-

sible standard is offset by having a dry gallon of one-eighth bushel. The
gallon of milk in Vermont and Massachusetts is the wine measure of 231

cubic inches, while in New Hampshire it is the beer gallon of 282 cubic

inches. None of the units of the liquid measure are identical with the

units of any other measure. The Imperial gallon of England differs in

size from any gallon used in this country. To add to this confusion there

is in different parts of the United States a barrel of 81| gallons, one for

beer of 32. one of 36, and another for lamp oil of 43 gallons : the barrel

for corn of 5 bushels, for fish of 220 pounds, for flour of 196 pounds, and
for lime of 320 pounds, besides a tierce of 42 gallons, a hogshead of 54

gallons, a puncheon of 72 gallons, a pipe of 8 barrels, a tun of two pipes,

and a butt of 108 gallons.

Care has been taken to eliminate all obsolete examples. The gallon

has three distinct values, as have both the quart and the pint. Even in

local transactions one meets with the troy and avoirdupois pound, the

long, short and shipping ton, wine, beer and dry gallons, and with

barrels of undefined sizes, making in all an aggregate of appalling con-

fusion.
METRIC SYSTEM.

Excepting the inconvenient size of its fundamental unit, the metric

system comes nearer to fulfilling our requirements than any, from the fact

that it has only one unit of measure for weight and one for capacity,

both bearing a simple relation to each other, and in fact both depending

on the unit of linear measurement for existence.

It might be well to give the origin of this interesting system. On the

8th of May, 1790, proposals were made by the French Government to
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the British for a meeting of an equal number of members of the Academy
of Sciences and the Royal Academy of London, to determine the length

of the simple pendulum vibrating seconds on the 45th degree of latitude

at the level of the sea, with the view of making that the unit of measure;

but Great Britain did not give this proposal favorable reception, and the

idea, as far as being of international benefit, was lost. The French

Government, impatient to effect reform, obtained the appointment by

the Academy of Sciences of a commission composed of Borda, La

Grange, Laplace, Monge and Cordocet, to choose, from the following

sources, the one best suited for the purpose:

(1) The length of the simple pendulum.

(2) The fourth part of the equator.

(3) The fourth part of the polar circumference on the meridian passing

through Paris.

They decided in favor of the last, resolving that the one ten-millionth

part of the quadrant of the meridian (or from the equator to the pole),

measured as along the surface of still water, should be the basis, and to

be called the "metre," which by comparison is equal to 39.3707904

inches.

The friends of the metric system, while not without enthusiasm, have

remained concent with the law making it permissible for those to use it

who found it adapted to their use, feeling that the many advantages it

possessed would finally win its case through concerted private action

without the aid of Federal legislation; but we have waited ninety years

for the metric system to establish itself; and now there is a doubt

raised as to whether the metre is really as it purports to be, one ten-mill-

ionth part of the quadrant of a terrestrial meridian, the accuracy depend-

ing entirely upon the true figure of the earth, as to whether it is a regular

spheroid with an ellipticity of g-jj a , or an ellipsoid of three unequal axes.

Whether the metric system has employed an imperfect fundamental

unit or not we must confess that on account of the metre not being com-

mensurate with the inch, foot or yard, all reductions made would be only

approximate; nor is it so convenient in absolute size, or so well suited to

the conditions of ordinary transactions as some of the units now in use

among us.

Our system of units as now used in the one branch of land surveying

with the millions of acres already recorded, presents one of the most

-effective examples of the inapplicability of the metric system to our

country. The legal township of the United States land survey is ap-

proximately a rectangular tract with sides of six statute miles. This

body of land is divided into 36 sections with sides of 80 chains, each reg-

ular section embracing as nearly as can be. a square of 640 acres. In set-

ting off the aforementioned tracts by the metric system, the sides of the

township—6 miles— would measure 9 kilometres, 6 hectometres. 5 deca-

metres, 6.083 metres. The sides of the section—80 chains—would meas-

ure 1 kilometre, 6 hectometres, 9.347 metres. The contents of a section,

now briefly expressed "640 acres'" would be 258 hectares, 99 ares, 98.41

centares. The contents of the convenient and briefly expressed quarter

question of 160 acres expressed in terms of the metric system would be

64 hectares, 74 ares, 99.6 centares.
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We cannot longer treat with indifference the numerous appeals that

are being made from time to time by the scientific and business iuen of

the country, urging the adoption of some improvement upon our present

absurd system. In the acquisition of our present system of tables a
great portion of time is absorbed which could be better applied to other

studies. The arithmetical rules actually required are seriously multi-

plied, to the extent of embarrassing mathematical calculations, clogging

the accounts of trade and increasing the labor in our schools of both

teacher and pupil. In the decimal system we ascend and descend in all

cases by the common factor of ten (10), thus placing the system for all

purposes of calculation upon the basis of simple numbers.

To a full appreciation of the advantages of the decimal system the

people of the United States may be considered committed by the adop-

tion of this system in their currency, which for convenience apparently

leaves nothing to be desired. The system approaches ideal perfection of

uniformity and easy determination, and the time and labor saved by it

in computations and accounts cannot but be a powerful argument in its

favor; for with the decimal system all ordinary transactions of popular

trade can be computed by any person familiar with the simple relations

of numbers. Even in England the merchants count their interests, dis-

counts and dividends in cents and dollars. Slowly but surely all stand-

ards of measure are being divided into tenths and hundredths, and
whether we will or not it will eventually prevail, to the displacement of

all other systems.

Some of the opponents of the metric system are so bitterly prejudiced,

not only against the fundamental unit, but the decimal system involved

as well, that they claim that no system will ever obtain that eliminates

binary principles, for the reason that the natural inclination of the mind
is to divide into halves and quarters. We can onlv say that we are fer-

vent in our hope that they do not blindly follow this method of reason-

ing, or rather lack of reasoning, at all times, for the writer has heard it

whispered that the natural inclination of the mind is to sin.

Our own system of weights and measures can be simplified and a less

number of units employed ; and with every change made in the direction

of a decimal scale it would certainly be far superior to the present. We
see and approve of better things, although we are continually taking foot-

steps backward by persisting in following the worst.

The units of standard weight and measure should, for purposes of easy

determination, be derived from some constant quantity in nature.

It is not difficult to extend our observations and perceive that if one
system be advisable for one country, a universal cosmopolitan system
would be no less advantageous for the whole world. The general adop-

tion throughout the world of one common system would effectually

remedy the evil arising from the inconvenience and confusion existing

in both our domestc and foreign transactions.

It is essential that the unit of measure bear some simple relation to the

earth's circumference, otherwise the operation of the surveyor will not

accord with the geographer.

It would seem with these requisites making their importance apparent,

that the source from which our cosmopolitan system will spring is in a
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measure restricted. The system will consist of a single unit for each

measure, bearing a simple relation to each other, and will have uniform

multiples and subdivisions for all purposes of measurement. Until this

system is universally adopted we may lose patience in believing that

Fate will find a way for the prophecy of John Quincy Adams to become
a beautiful reality; that " the day is not far distant when one language

of weights and measures will be spoken from the equator to the poles.'*
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ENGINEERS' CLUB OP ST. LOUIS.

Februakt 6, 1889:—301st Meeting.—The Club met at the Washington Univer-
sity at 8:15 p. m. , President Meier in the chair, twenty-four Members and two
visitors present. The minutes of the 300th meeting were read and approved. The
Executive Committee reported the doings of its sixty- fourth meeting, recommerd-
ing the following applicants for election to membershiD : Edward E. Wall, Henry
Groneman and Nils Johnson. They were balloted for and elected. Applications

for membership were announced from Whitfield Farnham, Assistant Engineer of

Coal Companies on Missouri Pacific Railway System, endorsed by Lewis Stockett

and H. P. Taussig; E. L. Goldstein, Consulting Engineer, endorsed by P. M. Bru-
ner and J. B. Johnson ; Prank S. Ingoldsby, Surveyor for City Street Department,
endorsed by Geo. Burnet, Chas. I. Brown and M. L. Holman; Richard H. Phillips

of the St. Louis Bridge and Iron Company, endorsed by J. A. Seddon and Wm.
H. Bryan. These applications were referred to the Executive Committee.

Mr. Seddon, Chairman of Special Committee on Legislation on Bridge Reform,
reported progress. The memorial forwarded to the State Legislature was read

He stated that the proposed bill was now being modified in certain details by the

committee in connection with a similar committee of the Kansas City Club. Prof.

J. B. Johnson then read a paper on " Cable Conduit Yokes, their Strength and
Design." The paper gave the results of a number of tests made on diffet ent shapes

of yoke at the Washington University testing laboratory. Sketches of the differ-

ent forms were made, showing where each had failed. The author submitted a

design for a new form of yoke composed of cast iron, strengthened by a steel or

wrought iron tension member. The cost need not exceed that of ordinary yokes'

and seemed to offer a remedy for many of the existing difficulties. In the dis-

cussion Mr. Holman spoke of the width of slo*; in use in this city, that

of the Citizens' road being %-inch and of the Olive street line %-inch. He thought

the proposed design of yoke would prove a success, unless unforeseen complica-

tions, due to extreme changes of temperature, were introduced by the use of two

separate members. He described the Lane yoke used in Cincinnati, which was
very strong; also the Chicago yoke, made of wrought iron tee irons. He stated

that the most important question now affecting cable lines was the amount of con

traction of the yokes. It was not known whether this would continue indefinitely

or whether a permanent shape would be reached, or whether repeated contractions

and expansions might be expected. Should the contraction continue, most of the

yokes would break, which, with the difficulty of keeping the slot open, would ne-

cessitate enormous outlays of capital.

Mr. Brunei- gave some data on the effect of ground freezing, and stated also

that very little reliable information was to be had on this subject. In his opinion

a %-inch slot was better than a J^-ineh. Mr. Vail gave a description of the yoke

adopted by the St. Paul lines, where the frost line was about 6 feet below the

surface. Mr. Russell showed that the stiffness of the yoke seemed to have no

effect on the amount of slot closure.

Mr. Seddon spoke of the stresses which come upon the yoke, due to the freez-

ing of the ground, and suggested that it wculd be impossible to design a yoke to
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withstand the stain ; but as the yokes do stand the service, it showed the need of

further investigation.

The question of Transfer of Membership then being taken up the Secretary read

letters from the Secretary of the Engineers' Club of Kansas City, regarding the

present status of the movement. On motion of Prof. Johnson, the whole matter

was referred to the Executive Committee for consideration, and to recommend to

the Club a plan of action. Mr. Russell brought up the question of closer organ-

ization among the engineering clubs in the country. He gave an outline of the

history of previous movements in this direction, with a statement of some of the

good results that might be looked for. Considerable discussion followed, in which

Messrs. Holman, Seddon, Johnson and Russell took part. On motion it was

ordered that the chair appoint a committee of three to devise a scheme for a

closer union among the clubs of the association. Messrs. S. B. Russell, J. A.

Seddon and J. B. Johnson were appointed such committee.

[Adjourned.] Wm. H. Bryan, Secretary.

CIVIL ENGINEERS' SOCIETY OF ST. PAUL.

February 4, 1889 :—Regular meeting at the Ryan Hotel ; President Loweth,

ten Members, two visitors present. The minutes of last meeting were read and
approved.

Communication from the librarian, recommending that money should be appro-

priated for the library, was read and placed on file.

A Committee on Membership was appointed, consisting of Messrs. C. J. A.

Morris, W. W. Curtis and R. Davenport.

A communication from the Engineers' Club of Kansas City, relating to the ex-

change of members between the different engineering societies of the Association,

was laid before the Society and referred to a committee consisting of Messrs. S. D.

Mason, M. Toltz and R. J. Johnson.

The paper of the evening was read by Mr. R. J. Johnson upon the " Testing of

Water Mains by the Use of Pressure Gauges."

[Adjourned.] Geo. L. Wilson, Secretary.

ENGINEERS' CLUB OF KANSAS CITY.

January 21, 1889:—A regular meeting was held in the Club Room at 8 p. m.

President O. B. Gunn in the chair, Kenneth Allen, Secretary. There were
present seven Members and two visitors.

Minutes of the last regular meeting and that of the Executive Committee were
read and approved.

On canvass of ballots, Henry Goldmark and Gerald Bcurke were declared elected

as Members.
A J. Mason reported for the Banquet Committee, arrangements as made for a

dinner to be held by the Club, January 28, in the Board of Trade Building.

Letters on transferrence of Members from the various local societies were read

by the Secretary. The general tone was in favor of action, and on motion of

Kenneth Allen, it was voted that the President appoint a committee to report

at the next meeting. Those selected were O. Sonne, W. H. Breithaupt, A. J.

Mason.

Mr. Breithaupt reported progress on Bridge Reform. Since the last meeting
the Memorial and Proposed Law had been printed and presented as a bill in the

State Legislature. A letter had been received from the St . Louis Club stating
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that a committee had been appointed to draw up a memorial to the Siate Legis-

lature indorsing the bill.

The Secretary read for A. N. Connett a paper on " Electric Railways." The
Observation Hill Railway, Allegheny, Pa., is in successful operation with 60 per

cent, curves of from 40 to 200 feet radius. The maximum grade, 12}<£ per cent.,

is on a reversed curve with radii 100 and 200 feet, and is overcome at rate of 6
miles per hour.

The West End Street Railway Company's line, of Boston, was described.

Losses in transmission < f power by electricity vary from 25 to 40 per cent. Id

this, as in wear and tear, cost of construction and operation, electric railways

have the advantage of cable railways, but their rolling stock is more costly.

Cost of overhead system about $5,000 per mile, and of conduit system not over

one-quarter that of a cable railway.

The Secretary then read for a "A Member " a paper on " Shrinking of Ma-
terial and Settlement of Embankments." Railroad specifications generally re-

quire 10 per cent, added to embankments to allow for settlement. This was con-

sidered UDJust, especially when required to be removed at contractor's expense.

Personal observation corroborated Rankine, Cressy, Trautwine, etc., in that earth

takes less room iu bank than in cut, and in scraper work it was thought unneces-

sary to allow shrinkage.

A . R. Meyer, Rollin Norris , A. J. Tullock and R. H. Bacot were proposed as

members.
[Adjourned.'] Kenneth Allen, Secretary.

January 28, 1889:—The Club held its 'annual dinner in the Board of Trade

Building at 9 o'clock p. M.

There were present 33 members, as follows: Frank Allen,' Kenneth Allen, G.

Bourke, D. Boutecou, C. A. Burton, W. H. Breithaupt, J. R. Chapman, John

Donnelly, B. W. De Courcy, E. I. Farnsworth, J. H. Grove, O. B. Gunn, F. C.

Gunn, Henry Goldmark, H. F. Hill, W. D. Jenkins, H. A. Keefer, W. Kiersted,

W. B. Knight, A. J. Mason, B. L. Marsteller, S. A. Mitchell, J. W. Nier, Wm.
Norris, G. W. Pearsons, D. W. Pike, W. Stone, C. H. Talmage, J. E. Thomes,

F. W. Tuttle, F. B. Tuttle, W. B. Upton, B. R. Whitney, Jr., and as guests, Gen
F. E. Sickels, Hon. Henry Smith, R. H. Elliot, C E. ; II. H. Jackman, C. E., and

representatives of the press.

After a sumptuous dinner toasts were proposed as follows:

" The Engineer: He Holds the Lever that Moves the World." O. B. Gunn.
" The Engineer: The National Public Works He Carries Out." J. W. Nier.

" The Engineer: The Water-Works He Builds." K. Allen.

" The Engineer: The Railroads He Built Before We Were Born." F. E. Sickels.

" The Engineer: Those He has Built Since Then." C. H. Talmage.
*' The Engineer: The Materials He Uses." H. Goldmark.
" The Engineer as a Contractor." B. W. De Courcy.
" The Engineer: Kansas City His Home." John Donnelly.
" The Engineer: The Ships He Builds." G. W. Pearsons.

" The Engineer: The Cable Roads He Builds." D. Boutecou.
" The Engineer in War Times." Messrs. Gunn and De Courcy.
" The Engineer in Courts of Law." Hon. Henry Smith.

" The Club." W. B. Knight.

Mr. A. J. Mason was toast-master, and in every 'respect the affair was thor-

oughly enjoyed. Kenneth Allen, Secretary.

February 4, 1889:—A regular meeting was held at 8 p. M. in the Club Room,

there being present 7 Members and 1 visitor. 3
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Minutes of the last meeting and of that of the Executive Committee were read
and approved,

Mr. Mason reported favorable progress for the Committee on Transfer of Mem-
bers.

On canvass of ballots Messrs. Rollin Norris, A. J. Tullock, R. H. Bacot and
A. R. Meyer were elected Members.

On recommendation of tbe Executive Committee, Messrs. O. Chanute. Geo. H.
Nettleton and Chas. F. Morse were elected Honorary Members.
A.paper entitled " The Details of Iron Highway Bridges" was read by E. W.

Stern, and discussed, bringing out the especial merits of the Schwedler Truss for

long spans and describing details of ordinary practice.

John E. Thomes, James R. Chapman, F. E. Sickels, E. A. Harper, R. H
Elliot and L. P. Root were proposed as Members.
[Adjourned.] Kenneth Allen, Secretary.
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THE HISTORY OF A HIGH VIADUCT.

By S. D. Mason, Member of the Civil Engineers' Society op St. Paul.

The locating engineers of the Northern Pacific Railroad, from the

summit of the Rocky Mountains westward to Lake Pend d'Oreille, a dis-

tance of 288 miles, found the general route plainly marked out by the

water courses tributary to the Columbia River, and by following down the
Little Blackfoot, the Hellgate, the Missoula and the Clark's Fork rivers,

developed an easy practicable line with moderately light work, low grades

and good alignment for the heart of the continent. There is, however, one
notable exception to this regular descent caused by the difficulty of building

a railroad from Missoula down the Missoula River to its junction with the

Clark's Fork. The stream is wide, rapid and shut in between walls of rock,

.

which, as one engineer complainingly puts it, stand like slates on a
steep roof and afford no chance to set up a transit. Aside from tVie for-

bidding natural features which would render construction difficult and
expensive, the river swerves suddenly from its northwesterly course,

upon meeting a severe rebuff from the Bitterroot Mountains, and turns

disappointedly almost due east for some ten miles before falling into the

arms of Clark's Fork. No amount of money or engineering skill could

seduce it to cut a roadway through the rugged country south of Lakes
Pend d'Oreille and Coeur d'Alene.

An alternative route was open : to leave the valley of the Missoula

near the town of that name, climb by two and two-tenths per cent, maxi-
mum grades through a narrow, well-wooded gorge, called the Coriacan
Defile, to the head-waters of Findley Creek, thence down that stream T

down the Jocko and the Pend d'Oreille rivers to the Clark's Fork at the
mouth of the Missoula. This was the line favorably mentioned by the
lamented W. Milnor Roberts, when Chief Engineer, and considerable

expenditure of time, shoe leather and money in explorations demon-
strated it to be the cheapest and best route, and it was adopted. It is on
this portion of the railroad that the subject of this paper, Marent Gulch
Viaduct, stands. It received its name from the nearest inhabitant, an
old Frenchman, who had a cabin on the small stream that flows through
the gorge. There is a tradition that the defile received its name from an
unfortunate Kanaka called Coriaca, who was killed here by the Indiana
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while on his way from the Kootenai country with a party of traders. If

true, his bones rest a long diatauce from his native isles.

Marent Gulch is the largest ravine of these foothills of the Rocky
Mountains. A great many preliminary lines were run to see if the road

teould be located to avoid crossing it, but it was impossible to build

'around it, so a high wooden trestle was determined upon and was lo-

cated at the most eligible crossing. The surrounding mountains are

covered with fine pine timber, from which the one million and four

thousand feet board measure of timber was cut which went into the

original structure. Fifty-eight tons of iron came from Portland by rail

to end of the track, and was hauled by team eighty miles over bad roads

-to the site of the structure.

A preliminary design for a wooden structure was made by Mr. C. C.

:Schneider, of New York, from which the details were developed by Mr.

H. J. Howe, at Missoula, under direction of Mr. I. S. P. "Weeks, the

Division Engineer. The original wooden bridge has been replaced by an

iron one, and here the subject naturally divides into three chapters, viz.,

the Past, the Present, and the Future; the third chapter, you will be glad

to learn, will be a very short one.

THE ORIGINAL WOODEN VIADUCT.

In the fall of 1882, detailed plans were made for a wooden trestle 866

feet long, 227 feet high, with a track on a grade of 104 feet per mile,

making a rise of about 17 feet in the length of the bridge. The track

••crosses on a tangent, running down from a 4-degree curve at the west

-end into a 7-degree curve 1,400 feet beyond the east end of the structure.

When built, this was the highest wooden trestle in America. The bot-

tom and sides of the gulch are rocky, affording good foundations for

cmud sills. Eight wooden towers were designed of varying heights to suit

She ground and to form supports for seven Howe truss spans of 50 feet

tEaeh.

Tfeese towers were 20 feet across on the line of the bridge, the

sides resembling two Howe truss bridges standing on end and inclined

from the bottom with a batter of one in six toward each other at the top.

From a point midway between the foot of these trussed sides rose two
secondary sides of similar design, inclined outward and meeting the main
tsides 48 feet below the cap. Auxiliary posts and struts helped

(distribute the vertical load over the bottom sill, but in their main
ifeaitures these towers, when viewed longitudinally with the bridge, pre-

sented the well-known " M" type of bent, tied together every 16 feet

i& height with horizontal cross braces, and with a trestle bent 48 feet

Jiigh ou top.

The main posts were two 12 by 12 sticks, in 33 feet lengths, packed 6

inches apart and bolted together. The secondary posts were 8 by 12,

packed. The packing blocks were cut to act in tension as well as com-

pression, a refinement which we think might have been dispensed within

framing these tower posts, as no pull could come upon them. This

would have cheapened the framing.

The 50-foot Howe trusses carrying the track from tower to tower

•v? ere of the ordinary form, 10 feet in total depth with panels 8 feet 2

inches long.
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The transportation of iron such a long distance rendered it necessary

to economize its use in every possible way, and with this in view, the an"

gle blocks were made of the dryest fir obtainable. These subsequently

gave trouble by shrinking in seasoning, and ultimately obliged us to

put a second system of trusses with iron blocks, outside the original

ones. The track floor was supported on the upper chord of the trusses,

over the pannel points.

This system of eight towers and seven trusses carried the track over

the deepest part of the gulch. The approaches at either end were strain-

ing beam spans of 80 feet each, supported by trestle bents of the ('M"
form. The general arrangement of towers and bents was made with the

view of permitting the structure to be replaced at some future time by an
iron one, without delay or interruption to traffic. As soon as the bills of

timber were prepared, a contract was made with Bonner, Hammond &
Co., of Deer Lodge, Mont., who at once put several portable saw mills in

the mountains near the gulch and commenced work. Mr. S. J. Wallace,

of St. Paul, was made general superintendent of framing and erection.

The place of work was rugged and isolated. Missoula, the nearest

town, was thirteen miles away, the railroad some eighty miles from the

place on the west, and much further towards the east. But as soon as

operations commenced the usual frontier settlement sprung up, consist-

ing principally of boarding-houses, saloons, dives and gambling places,

all of which flourished off a gang of well-paid carpenters and loggers,

who received from six to seven and a half dollars per day. This evanes-

cent town has now entirely disappeared, onlv the cabin of old Marent re-

mains, and looks like a toy house when viewed from the train. The
small stream called Marent brook winds under the bridge and along past

the house; at its maximum it is perhaps 20 feet wide and 2 feet deep.

Mr. Wallace and his gang of carpenters passed through Missoula on
Christmas day, 1882, and commenced work the next day. The timber

was framed at the mills as cut. then marked and hauled to the bridge.

The bents were framed flat. The joints were adzed and then planed.

Trial pits were dug to test the foundation, and it was found excellent.

The ground is a cemented gravel, so compact as to render pile driving

unnecessary. The tower bents rested on mud sills, laid close together.

The side slope of the bill necessitated digging into it on the higher side

a depth of 18 or 20 feet to get the sills horizontal. The engineer in charge,

Mr. Arthur P. Mitchell, allowed one inch for settlement after all sills

were in place, and as this proved ample, the excellence of the founda-

tion and close joints of the framing was practically demonstrated. This

is a remarkable circumstance in a structure 227 feet high with such a
multiplicity of butting joints. The pits were filled with earth over the

sills, now condemned as bad practice, as tending to rot the most diffi-

cult parts of the structure to renew long before the upper works dete-

riorate. •

After the big wooden puzzle was framed at the mills, the pieces were
marked and hauled as wanted to the erectors, who raised them'in place

with help of gin poles 48 to 52 feet long. The heaviest pieces* to raise

were 12 by 12 sticks, 36 feet long, weighing about 1,700 pounds. From
two to four erecting gangs of sixteen men each were employed, who, as
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their work rose in the air, become accustomed to the elevation and used

to walk across on the iron rods a distance of some 20 feet, and 200 feet

from the ground.

When the structure was about 30 feet from the top, the men conceived

that their wages should be raised to correspond with the increased alti-

tude, and accordingly struck for ten dollars per day. The Division En-

gineer says they had him where the hair was very short, track was com-
ing up close, and there was no time to educate a lot of new men. Only

those who had grown up with the bridge could work 220 feet in the air.

The matter was compromised and the head striker discharged. We
are happy to add that this man is now working on shoes in a Massa-

chusetts town for one dollar per day.

The absence of false work during erection gave a striking effect to the

work, so much so that Henry Villard ,*when making his first trip over the

line, was impressed by what he termed the ''slenderness, lightness and
airiness" of the structure. He was not the only one to wonder if it was
sufficiently strong. The carpenters predicted injurious vibration and
possibly buckling of the sides of the towers; but their fears were un-

founded; the structure was rigid and firm. The plan was demonstrated

to be practical and good. The bolts had countersunk heads with beveled

cast washers underneath which gave an extremely neat, finished appear-

ance. The experiment was tried of raising one of the 50-fcot trusses,

bodily from the ground to its seat, but the plan was found impracticable.

The chords were without splice, 56 feet long over all, built of one 8 inch

by 12 inch and two 6 inch by 12 inch sticks packed and keyed. These

chords were first placed in position and held by struts and guys, while

the braces were put in, commencing at the middle of the span instead

of at the ends, as is the usual practice. The deflection of these spans

under a locomotive was about one inch. Both horse-power and steam-

power were used in lifting the timbers to place. The amount of line and
tackle necessary for hoisting and staying the bents was enormous, and
the coating of ice and frost which frequently covered the ropes rendered

work difficult in the early mornings.

The floQr system had no special features. Floor beams in pairs, each

9 inches by 16 inches, 16 feet long, supported main and jack stringers,

across which were placed bridge ties 6 inches by 8 inches, 16 feet long,

spaced six inches apart. Guard stringers, nine inches outside the rails,

were notched and bolted down to the cross ties. Plank walks, railing

and water barrels were provided and the completed structure was
crossed by the track on June 15, 1883.

This event was made a gala occasion by the whole country around,

many of the inhabitants then seeing a locomotive for the first time, and
some of the engineers for the first time in twelve months. Incidents

were not wanting on this festive day, but to recount them in detail would

be quite foreign to the scope of ibis paper. An army officer from Fort

Missoula was overcome by dizziness when in the middle of the bridge,

and crawled on hands and knees over the ties to terra firma. Y7hen the

engine stopped midway on the trestle and was blowing its exultant

whistle, an anti-prohibitionist who had been working his way with many
a slip and fall up the steep hillside, finally gained the track and reeled
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his way along the guard rail on the very ends of the ties to the iron car,

while all the spectators held their breath. As a trapeze performance the

exhibition deserved considerable applause.

The total cost of the viaduct was $85,620 and the time spent on fram-

ing and erection was 171 days, during winter and spring of 1882-3. The

quantities of material and detailed cost were as follows:

Wages of carpenters and laborers $36,336

Wages of engineers and assistants 3,135

Total labor $39,471

756,300 feet B. M. sawed timber.
213,300 feet B. M. hewed timber.
970,000 feet B. M. in all (say)

869,000 feet B. M. timber, at $27 23,463

101,000 feet B. M. timber, at $16 1,616

Total timber actually used 25,079

87,120 pounds wrought iron, at o% cents 5,010

29,910 pounds cast iron, at Z% cents 973
117,060 pounds freight from end "of track, at 2M cents. .

.

3,220

Total iron and wagon freight 9,203
Supplies for men 2,860
Blocks, ropes, chains and wrenches , 1,300

Forty horses 90 days, each at $1 3,600
Hay and oats for same 2,700
Rent of land and land damages 100
Traveling expenses of engineers, and office and sundry
miscellaneous expenses 1,007

Total cost $85,620
Or 388.27 per thousand feet, board measure.

There was some question, at first, about obtaining the requisite quan-

tity of timber in time. But enough was found within a radius of five

miles, and much of it hauled after snow fell. Necessarily, it was green

to work and occasioned some trouble later on by checking. The ten-

dency to spring out of line, due to unseasoned timber, was overcome by
temporary clamps and bolts. The sticks in the shore bents were hewed
instead of sawed, in order to hasten the work. The wooden angle blocks

in the Howe trusses were made of what was called " fir," supposed to be

better for the purpose than the native Norway pine. These blocks were
hewed out in lengths of 14, 16, or 18 feet, and then sawed off to required

lengths. They were got out early and painted. Possibly they were
painted too soon, which prevented the sap from evaporating ; or perhaps

the nature of the wood occasioned the trouble soon experienced by these

blocks shrinking and letting the trusses sag. Ihe blocks showed no signs

of suffering from undue crushing strains. The diagonal braces between
sides of towers, footed also against blocks of fir, and although held in

place by dowel pins, were apt to get loose as the woodwork seasoned,

requiring frequent tightening of the iron rods.

THE PRESENT IRON VIADUCT.

The wooden structure remained in good order in every respect, except

ing the shrinking of the angle blocks previously alluded to, and for this

reason new trusses, with iron blocks, were placed alongside the original

trasses in June and July, 1884. Still, the management of the road felt

much uneasiness at the constant risk from fire; and, indeed, the loss of

the trestle, combined with the contingent damage arising from the great

interruption to traffic that would have resulted therefrom, was incal-
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culable. The configuration of the ground, at the Gulch, would render

transfer of freight impracticable and transfer of passengers a great an-

noyance. The necessity of a permanent iron structure was promptly
recognized, and in the latter part of 1884, a new structure was designed

by Mr. George S. Morison, the local work placed in charge of Mr. Alfred

Noble, and Mr. George A. Lederle was made inspector of shop work.

The iron structure was so designed that it could be erected on the line

of the wooden one, with but few changes in the latter; these comprised

moving toward the centre line the double trusses of the spans, changing

a few batter posts in the approach bents, and supporting the wooden
towers while excavating near them for foundations for the new ones.

The existence of a structure at the site, from which the new one could

be erected, made it possible to use economically longer spans and fewer

bents than is usual in such structures. The distances between centres

of the iron towers were made double those between the wooden ones.

The iron structure consists of four plate girders, each 30 feet long,

making a total for the four of 120 feet ; five spans, each 116 feet 8 inches.

583 feet 4 inches
;
girders, 23 feet 4 inches long over each of the four

towers, 93 feet 4 inches ; total length, 796 feet 8 inches, or 69 feet 4

inches shorter than the wooden bridge.

The sub structure consists of 24 masonry piers, supporting four iron

bents and four iron towers which vary in height from 17 feet, for the

bents nearest the abutments, to 180 feet for the towers in the bottom of

the gulch. The two abutments are also of masonry.

A careful re-examination was made of the character of the material

for foundations at the sites of the several piers. In the bottom of

the gulch the material was better than anticipated ; while in places

on the sides of the slopes, it was found necessary to remove partially

decayed rock in order to reach that of suitable character. The rail-

road crosses the gulch nearly at right angles, and the side slopes are

almost exactly alike, as is rendered apparent by the remarkable symmetry
of the structure ; the towers, bents and spans, from the centre to each

abutment, being exactly similar. This peculiar topographical feature

may have resulted from chance, or may bear evidence to the good

judgment of the engineer who selected the location. At all events, it

it simplified planning and erecting the new work.

The iron work was manufactured by the Union Bridge Company at

their Buffalo shops. The stone was supplied by Messrs. Breen and Young,

of St. Paul, except the granite in the abutments, which came from

stock owned by the Railroad Company. The work at Marent was done

entirely by hired labor and was commenced about September 1, 1884. It

.

was in general rendered expensive by the cost of handling materials to

the places where used, and by the precautions necessary to insure safety

of the existing structure. Some delays were experienced in receipt of

stone and iron, which added to the cost.

The Foundations.—Two piers in the bottom of the gulch, D4 and D3,

rest on pile foundations ; each foundation has 16 piles, all driven to re-

fusal and probably to bed rock. These are cut off below permanent

water level, the material excavated one to two feet below the cut, and

concrete blocks, 18 feet square at the base and 12 feet square at the top,
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built up in place around and over the pile heads. The concrete is com-
posed of one part Portland cement to three parts of sand, with as many
boulders as could be thrown in by hand, the boulders not amounting to»

30 per cent, of the whole volume. Mortar for concri te was mixed by a
spiral worm machine. A sample of the concrete, knocked off with some
difficulty with a pick, shows it to be a first-class artificial stone. The
piers El and E2, also in the bottom of the gulch, rest on concrete bases,.

Marent Gulch Viaduct.

each 12 feet square, founded on hard pan. The remaining piers ard tfe«?

abutments rest on bed rock. Where concrete blocks are used they are*

from 10 to 16 feet square, depending on the nature of the rock and the*

weight to be carried.

The amounts of excavation and concrete are as follows: Excavation^
earth and gravel, 3 689 cubic yards; excavation, rock, 1,645 cubic yards;:
concrete, 544 cubic yards.

The work was laid out from the old viaduct. It was fcund imp^actiea-
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ble to drop points to the bottom and sides of the gulch by plumb-bobs, as a
very slight breeze threw them several inches from the vertical. It was
accomplished by using two transits, carefully adjusted, to carry longi-

tudinal and transverse lines to an intersection on the ground, by the ver-

tical movement of the telescopes. In this way, centres were established,

from which the pits were laid out and working lines given.

The Masonry.—The abutments are faced with granite which was left

over from Snake River bridge, and the backing is of quartzite obtained

near Evaro station. The piers are built entirely of cut limestone, coping

in single pieces, courses below generally in two pieces. The copings

under the principal towers are single stones, each 7 feet square by 20

inches thick, or a trifle over three cubic yards in volume, and weighing
about 13,000 pounds. To handle these stones down the steep sides of the

guleh was somewhat difficult, decidedly tedious and quite risky. They
were slidden down on a temporary track of iron rails, and held back by
wire ropes. On one occasion a coping got loose, slid down the side of

the gulch on the snow, which at that time covered the ground, and
added to the difficulty of handling. This runaway stone struck and cut

cleanly off a leg of one of the timber towers, and barely missed a leg of

one of the iron towers, which had just been placed in position. The
shock shook the timber structure so violently that every one on it ran

hastily for the land.

Two-inch anchor bolts, grouted in, extend the full height of each

masonry pier, binding the courses firmly together, and each pier has

four one and one-quarter inch dowels connecting the upper four courses.

At the lower end, the anchor bolts are held by round cast-iron disks,

imbedded two feet into the concrete; the tension is brought by screwing

down nuts on the upper ends, to a bearing on cast-iron washers resting

on the masonry.

TheIron Work.—The erection of the towers was commenced in De-

cember, 1884. The spans were placed in March, 1885. The new floor

system was completed in April. In erecting the towers, the

tops ef the posts of each section were supported by timbers thrust out

from the old towers, until the braces and diagonals could be put in.

This made a very cheap false work. The pieces were lowered from a

derrick ear having two derricks: a piece was lowered from each side of

thenar at the same time. The car was handled by a locomotive.

The amounts of iron and steel in the superstructure are as follows:

Towerstmd bents 872,900 lbs
Superstructure, including floor beams and stringers 813,650 lbs

In all „ .

.' 1,686,550 lbs.

The total cost, exclusive of traffic charges on material over the North-
ern Pacific Railroad, was §153,362.16

The cost in detail, was :

Foundations $21,664.59
Masonry 30,079.81
Towers 49,188.44

Superstructure 36,593.94
Floor 4,807.43
Painting 1,826.74

Engineering and incidental expenses 9,085.15

Permanent track 116.06

1153.362.16
The traffic charges, for transportation of material over the Northern
Pacific Railroad, at one per cent, net ton per mile §24,743.18
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The cost of removing the wooden structure after the iron one was
completed was $7,663.61. The old material was piled up at Evaro, a sta-

tion at the summit of the steep grade and three miles west of Marent.

The 50-foot Howe trusses have been used on branch lines for crossing

small streams. The iron work cost 3.85 cents per pound, delivered at

St. Paul, and the stone $16 per cubic yard on board cars at Minnesota

Transfer. Foreman of erecting gang received $180 per month, and
skilled labor from $3 to $4.50 per day. The men were boarded for $6 per

week at a mess house run by the company. At this rate the company

I
i

57

Details of Rocker at Base of Tower Posts;

lost $777.84, which sum is included in cost of the work. The cost of erect-
ing, repairing and removing the temporary buildings in which the men
were fed and lodged, and the engineer's office shanty was $2,702 31.

The depreciation in value of the plant at the close of the work was esti-

mated to be $4,483.18. Both these latter amounts are included in the
total cost.

One peculiar noteworthy feature of the iron structure, is the provision
for expansion and contraction of the long struts connecting the sides of
the principal towers. Each " down stream " leg (as it might be called)
rests upon a steel rocker—shown in the detail drawings. It resembles a
short link, extending up into the foot of the post, and connected there
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by a five-inch cast steel pin. The lower end of this rocker or link bears

upon another five-inch steel pin, resting in a cast-iron base bolted to the

masonry.

The tower posts batter in two directions. The struts connecting the

feet of posts are built of channels and lattice work. The posts of the
towers are in lengths of about 27 feet between the faced ends ; they are

built of plates, angles and lattice work, into rectangular form, varying
in net section, from top to bottom, from 40 to 50| square inches.

Each panel length, in height, is strutted and sway braced both laterally

and longitudinally. The strut connections are made by steel pins. The
plate girders and deck spans are provided with expansion rollers at four

points in the whole length of the bridge. The deck spans are pin con-

nected.

The track is laid upon 9 inches by 9 inches by 12 feet cross-ties, spaced

14 inches from centre to centre. Guard rails of 4 inches by 5 inches

angle iron are bolted through to every tie, and are brought together, in

centre of track on the road bed, some distance beyond each abutment.

Slip joints are provided in this guard rail over each pair of expansion

rollers. The whole iron work received one coat of Cleveland Iron- clad

paint after erection.

The new structure was placed in position without delaying passenger

trains, and but few freights, which were unavoidably held while the

new floor system was being put in. A fatal accident befell C. E. Healy,

foreman of erection, who fell about 175 feet to the ground, on the 3d day

of April, 1885. He struck one of the towers in falling, and life was ex-

tinct when his men reached the body.

During the summer months of 1885, an intelligent watchman was
kept at the structure, to report its behavior under variations of temper-

ature, and to notify the engineer-in-chief of rods needing adjustment,

loose rivets, movement of spans on their rollers, action of rockers, and
other phenomena incident to the new work. That his employment was
agreeably diversified, maybe judged from his report of October 23, 1885,

in which he says :
" Shooting is good this fall; I have killed five deer."

This helps us appreciate the wild and solitary locality in which so much
money has been expended. The work was so well planned and so care-

fully erected that the watchman had but little adjustment to make. All

the rods in the towers were tightened, and some of the counters in the

spans. The sliding ends and the rockers worked well. No loose or

missing rivets have been reported.

The structure has been very carefully inspected semi-annually—gen-

erally early in the summer and late in the autumn—in order to take

advantage of a wide range of temperature. At the last inspection the

piers were found in first-class condition, showing no evidence of settle-

ment or movement. The wooden ribbons or guard rails on the floor

were originally laid with a space of about one inch between the ends

over the expansion rollers. It was observed the first season that the

floor had begun crawling down grade, and in course of one year these

guard rails butted tightly together. The entire floor system moved
down hill about two inches. A peculiar feature was noticed in move-
men t of the track rails, one of which moved up hill and the opposite one
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down hill. This same movement has been observed on other steep grades

of the same division, and has never been satisfactorily explained.

Marent Gulch Viaduct— Details of Rocker at Base of Tower Posts.

The track was originally laid with 56-pound rail and plain splices:
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since it has been replaced with heavier rails and angle splices, the crawl-

ing movement has practically ceased. The structure appears very rigid

under passing trains, the vibration of the sway rods is not noticeable

and the lateral motion hardly perceptible. Special rules prohibit engi-

neers and trainmen from applying the brakes suddenly while their

trains are upon the bridge,

THE FDTOEE EARTH EMBANKMENT.

As this will require handling something over one million cub'c yards

of material, and as the iron structure should last for several genera-

tions, we can safely leave the pleasure of writing this chapter to our

posterity.

In conclusion, I trust the profounder wisdom of my auditors will ex-

tract from these flowers and weeds of simple narrative, something be-

fitting the elevated nature of the theme.

WROUGHT IRON AND STEEL EYE-BARS.

By Carl Gayler, Member op the Engineers' Cltjb of St. Louis.

[Read January 16, 1889.]

The American system of bridge building differs from that of European
countries in the vise of tensile members, specially formed to resist in the

simplest and most effective manner the strains which they have to bear;

tensile members of bridges in Europe being built in very much the same
manner as compression members. This difference is thoroughly character-

istic, and as marked as, to cite an analagous case, the difference between
American rolling stock and locomotives with their buggy system , so admir-

ably adapted for the conditions of the track and traffic, and the European
cars and engines with their rigid carriage system. My intention is not to

enter into the old dispute over the superiority of either of the two
methods. We American engineers are convinced that, at least for long

spans, our pin-connected bridges are theoretically, practically and com-
mercially preferable to the European bridges, which rather pleasant feel-

ing, however, should, in view of the importance of the subject, not make
us averse to familiarizing ourselves thoroughly with the weak as well as

with the strong sides of the same. The following remarks, though they

may not contain much which is new to some of you, may not be unwel-

come, as they are mostly based on actual observation and experience.

The process of making a wrought-iron eye-bar is simple enough : A
head is formed at each end by forging, hammering or upsetting, through

which head a hole is drilled for the pin, but the eye-bar is of such im-

portance that we need not be surprised that the most eminent engineers

of the country have contributed their share toward establishing sets of

rules for the proper shape of the head, aided therein by tests on the

powerful testing machines of our larger shops. Theoretical investiga-

tions have not been wanting, but as a matter of fact, we owe them, on
this particular subject, but very little. It is the testing machines, not

theories, which have advanced our knowledge of- the properties of eye-

bars, in direct distinction from the pins, for the proper dimensioning of
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which we rely altogether on the theoretical laws of resistance against

bending.

The shape of eye-bar heads, as used originally, was probably circular,

the diameter of the head being equal the diameter of the pin, plus the

width of the bar itself. The failure of such heads under the testing

machine brought about the following modifications:

1. A considerable increase of width of head in the axis of the bar back

of pinhole a, Fig. 1.

2. A somewhat smaller increase of width b, Fig. 1.

3. The use of a larger radius B of neck.

4. For a greater ratio of the diameter of the pin to the width of the

bar all the dimensions of the head were very much increased.

fu|:-v£~

%i

These four modifications cover all the improvements ever made on the

shape of iron eye-bar heads, and it is immaterial which of the shapes,

preferred by the leading bridge companies, is used—the one introduced

by Shaler Smith with a pointed end back of pin (Fig. 2), the one most
generally in use, shown in Fig. 3, or simply a circular head, as long as

the areas required by the four points stated above are properly covered.

In the mode of manufacturing the heads, the forging process under
the steam hammer has proved to give better results than the upsetting

alone without subsequent hammering. This might have been expected.
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The making of a wrought iron eye-bar head requires work. The steam

hammer has to do on a large scale what the blacksmith does by hand
when forging or welding. It is not sufficient to make the heated mate-

rial flow into its new shape, but a fibrous structure has to be produced in

it. In this new structural condition lies the success of the strength of

the head, and this explains the great care which is required in turning

out great numbers of uniformly good iron eye-bars. To make the heads

under the hammer, one or more iron plates are laid on the ends of the

bar, which latter reaches to the end of the head. The bar, together with

these plates, is then heated to a welding heat and brought under the ham-
mer. It is obvious that unless these piling plates are of as good material

as the bar, the head will be inferior; it is also necessary that the direc-

tion of the fibres in these plates shall be the same as that of the bars

themselves. This latter point is important, and generally there is not

enough attention paid to it. Results as good as by the method just de-

scribed have been obtained by a combination of upsetting and piling and
also by mere upsetting; in either case, however, the work of the steam

hammer on the ends of the bar thus thickened forming the principal

part of the operation.

Supposing now that an iron eye-bar is made with the heads of a proper

shape and of good material and work, what is its value ? Can the elastic

limit and the ultimate strength of the bar proper be reasonably taken as

expressing the value of the finished eye-bar (inclusive of heads), or is

there some deduction to be made? I think there is some such deduction

to be made for the following reasons: Chemical impurities in the iron

have a more deteriorating effect in the complicated welding and shap-

ing process of the heads, than in the rolling of the bar itself. Specimens

for tests cut from the bar may come up to all our requirements, and yet

this same iron may not be fit to make a good head. Small quantities of

phosphorus, and even more so of silicon, may not lessen the strength

and ductility of the bar and yet make themselves felt in the welding and
fibre-making process in the head.

Another point is not less important, as it affects directly not the ulti-

mate strength (which in reality is of secondary importance), but the

clastic limit. In testing the full-sized bar we can easily tell when the

elastic limit is reached, either by direct measurement or by observing

the sudden retardation in the rising of the mercury in the gauge, but

there is generally no attention paid to the elastic limit reached in the

head of the eye-bar, through the concentrated pressure of the pins on the

semi intrados of the head. The importance of this point can hardly be

overestimated. The only tests which I ever had made on heavy eye-bars,

where the diameter of the pin was three-quarters of the width of the

bar, gave the surprising result that a permanent, measureable impression

of the pin into the bar-head had been made under a strain of only 15,000

pounds per square inch of bar proper.

The effect of unequal heating, i. e., of the heating of the ends of the

bar while the bar itself is not heated, can be stated as follows : Taking

a number of eye-bars, the heads of which are stronger than the bars (as

they should be), and testing them to destruction, we will find that a cer-

tain ratio of this number will break at the end of the neck, or, to be
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more precise, at that point where the effect of the furnace fire ceased.

They will break at that point, too, under a somewhat smaller strain

than the bar itself would have developod. For these reasons we are not

justified in considering tbe strength of a finished iron eye-bar to be

equal to that of the bar proper, and some allowance for this difference

should be made in our unit strains.

Bat the wrought iron ej^e-bar has had its time; steel is rapidly taking

tbe place of iron, and it will not be long before it has superseded iron for

pins and eye-bars as completely as the steel rail has taken the place of the

old iron rail—and we have no cause to regi'et this change. Any engineer,

who has had for a length of time to do with iron eye-bars, and has con-

vinced himself, through tests, of their value, has, from time to time,

met with a lot of bars, sometimes from the most reliable bridge firms,

which gave surprisingly bad results; he has, furthermore, among a num-
ber of good eye-bars nearly always found a few inferior heads, and if he

also recalls to his mind the various fractures in their heads, invariably

partly crystalline, often not thoroughly welded and the layers of the

piling plates discernible, he will feel little reluctance against trying a

new material. The long record of tests of iron eye-bars, manufactured

for the more important structures of our country, shows results which
are anything but reassuring, and it is not too much to say that iron eye-

bars, made by our leading bridge companies, under close inspection and
with careful tests on the part of the engineer, are more unreliable mem-
bers than any of the rolled or built shapes, used in any other part of the

bridge. Steel eye-bars have doubtless their weak points also, but we have

at least the satisfaction of knowing that tbe material which we are on
the point of abandoning has never satisfied us.

In deciding on the use of steel for eye-bars we have to keep in mind
that we deal with a superior, but also with a more sensitive, material.

To two of the sources of weakness in iron eye-bar heads, which we have
stated above, i. e., to the effect of unequal heating and to that of

chemical impurities, is added the effect of overheating, the proper de-

gree of heat for steel work of any kind being of the greatest importance.

The effect of unequal heating is counteracted by the annealing process,

i. e., by heating the whole bar, when completed, but before the final

boring of the pin-holes, in a large oven and then allowing it to cool off

slowly. This annealing process is also claimed to restore to some extent

the strength of the overheated metal, although I am unable to say how
far this claim is justified. As far as chemical impurities are concerned,

the influence of too much phosphorus is fatal. Bridge companies have
found it necessary to insist on steel containing not over -j^ of one per
cent, of phosphorus.

The difference between the making of an iron and a steel eye-bar head
is characteristic of the two materials. As we have seen, the former is

essentially a welding and forging process; the latter is a process by which
the heated metal requires merely to be pressed or made to flow into its

new shape. Upsetting and shaping, both under hydraulic pressure,

with such additional hammering or rolling only as is necessary for a

surface finish, suffice to make the steel head. What work is to the iron
eye-bar head is heat to the one of steel.
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In speakiog of steel it is hardly

necessary to say that "mild steel" is

meant, nor will it probably be dis-

puted that the milder the steel (carbon

between TV and T
8
7 of one per cent.),

the more uniformly good the result.

The superiority of steel eye-bar heads,

which is proved by the results of

tests made so far, is to be accounted

for by the homogeneousness of the

metal; all the doubts about a uniform

thorough welding into one fibrous

mass, which are so well founded in

the case of the iron eye-bar head, are

at once removed, and it is in reliance

on this difference in favor of steel

that the manufacturers, following the

example set by the Edge Moor Iron

Company, have begun to reduce the

size of the steel eye-bar head. It ap-

pears now that the investigations and
experiments on the best shapes of eye-

bar heads, extended through so many
years, have had their cause solely in

the bad results of unsufficiect weld-

ing, and that in substituting steel for

iron, we are justified at once in using

smaller heads.

The engineer who builds bridges

and who, as is often the case, has no
chance to visit some of the prin-

cipal mills and shops of the country

more than once or twice a year, may
get bewildered if he considers his

responsibility in view of all the re-

quirements for good eye-bars, but the

way for him is very simple. He has

to insist on full size tests of a suf-

ficient number of finished bars, thus

demanding the results from the man-
ufacturer, who has to assume all re-

sponsibility for the success of his

work, which, of course, implies that

the selection of the material, the

mode of manufacture, and the shape

of the heads, have to be left to his

discretion also.

I wish to add here the results of

full-size tests of steel eye-bars, made
last year on the 1,200,000 pounds hy-

draulic testing machine of the Union
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Bridge Company, at Athens, Pa., for the Grand avenue viaduct, now
•nearing its completion in this city. The steel for these bars is Bessemer
•steel from the Carnegie, Phipps & Co. mills, Homestead, Pa. The re-

'quirements for the specimen tests were: elastic limit, 32,000 pounds per
•square inch; ultimate strength, 62,000-70,000 pounds; minimum elonga-
tion, 18 per cent., and the specimens (f-inch round) to bend 180 around
their own diameter, without showing crack or flaw.

The record kept at the mill of the chemical tests of each blow shows
the amount of carbon to vary from ryff

to y
1^- of oue per cent., and that

of phosphorus from^ to^ of one per cent. Tne eyes were made at

the Edge Moor Iron Works, Wilmington, Del., with an excess of mate-
rial across the eye over the bar of 40 per cent. The unsatisfactory tests,

Nos. 1 and 7 of the 8 by l|-inch bars, caused a re-annealing of this size

of bars, with results as shown (No. 19 to No. 23).

THE QUAKER BRIDGE DAM.

By Wm. A. Pike, Member of the Minneapolis Society of Civil Engineers

[Read January 2, 1889.]

Emding so much that is interesting and instructive in the reports and
discussion of the Quaker Bridge Dam, I believe that a review of the same
will bj of interest to the Society. I claim nothing original in this paper,

but simply hope to present this remarkable project in concise form, so

that those who have not had time or opportunity to study the complete

reports may form an intelligent idea of the reasons which have deter-

mined the special features of the scheme. As I have myself got so many
new ideas as to the action of curved dams, so I hope to perhaps make the

matter a little clearer to some others.

The Qiiaker Bridge Dam, as is well known, is a structure proposed to

be built across the valley of the Croton River about two miles above its

rnouih, the object being to procure a water supply for New York City.

This proposed dam is to be higher by 100 feet than any other dam in

the world, being from top of parapet to bottom of foundation 277

rfeet, or 265 to the top of the rock on which it is to be built, the rock

being cut out for a depth of 12 feet. It, as first proposed, was equaled

in length by only one, the Vyrnwy Dam, now under construction for the

purpose of supplying the city of Liverpool with water, both dams being

1,350 feet in length. The latest plan, however, as proposed by the Board

of Experts, would lengthen the Quaker Bridge Dam to over 1,400 feet.

The points principally and necessarily to be decided upon were: 1st,

•shall the dam be straight or curved in plan? and 2d, what form its

profile should have? I may say that, when my attention was first

called to the subject, my thought at once was that of course a curved

dam will be stronger than a straight one, for is not an arch of a

•certain thickness and span stronger than a plate band or horizontal

beam of the same thickness, and is not a curved dam an arch with a

vertical axis? When, however, we consider that a curved dam must

first act as a gravity dam, or, in other words, exhaust the effect of its
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own weight in preventing its yielding to the pressure of the water before

it can yield sufficiently to bring out abutment reactions, we are obliged

to admit that the cases are not parallel.

Mr. Church, Chief Engineer of the Board of Aqueduct Commissioners,

and Mr. Fteley, Consulting Engineer, either near the close of 1887 or

early in 1888, made reports to the Board in which they recommended a

straight dam and also presented a profile for the same. Chief Engineer

Church gives the following reasons (not, however, in these words) for

deciding on a straight dam :

1st. If a dam be of the required cross-section to resist the pressure of

the water by its own weight, it cannot act as an arch. This is without

doubt true if it is an absolutely rigid structure, for the dam is not forced

against its abutments by its own weight as in a vertical arch, and, there-

fore, must move, more or less, under the pressure of the water in order

to cause any arch action. It is, however, I believe, an admitted fact that

no structure is absolutely rigid, but that even the most massive yields to

some extent, however slight, to any load.

2d. If the cross-section of the dam be so reduced that it will yield suf-

ficiently to call out arch action, then the pressure on the abutments will

be too great. Thus, if the thickness of arch ring be reduced to one 100

feet or to 80 feet, the pressure on voussoir joints will be 39 tons

per square foot and 42 tons for the two cases supposed, either of which

pressures are far beyond a safe limit.

3d. If the cross-section be increased so that the stress resulting from

arch action is within safe limits it will be more than double in area that

required for a gravity dam, and then it will, as shown in the first reason,

not be called on to act as an arch after all.

4th. Mr. Cburch develops a formula which is readily demonstrated,

for the thrust at the springing of a curved dam acting as an arch which

is P=—— in which W = weight of water, R = radius of dam,

and C = length of chord. Now, taking the same area of profile as is

required for a gravity dam, and limiting the stress to sixteen tons per

square foot, he finds that a radius of only 316.8 feet is allowable. A
half circle of this radius would reach less than half way across the

proposed dam, which renders this solution impossible.

5th. Mr. Church also gives as a reason for not depending on arch action

that, as is undoubtedly true, the vertical joints in masonry are not as

well filled or as strong as the horizontal ones, and hence cannot be

depended on to transmit pressures as well.

These are Mr. Church's reasons for selecting a straight dam, and as

far as a curved dam acting wholly as an arch they appear conclusive.

It is a fact, however, that many of the great dams of the world are

curved, thirteen out of twenty-three cited by Messrs. Church & Fteley

being of this class. This being the case, it might be supposed that there

are reasons for making them curved, and that there are arguments in

favor of curved dams will appear later.

Mr. Church then takes up the form of profile in an interesting and in-

structive way. He starts by determining a triangular section, of which
the resistance to cvertuicirg is just equal to the tencency of the press-
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ure of the water to overturn the dam: next he introduces a factor of

safety of two; that is, designs a triangular dam that would take just

twice the actual pressure to overturn it. Then, having decided to limit

the pressure at any section to 16 tons per square foot, he finds that

below 205 feet the profile must curve out from the straight side of

the triangle. He also adds some additional material to resist strains

that may arise from wind and ice, also adding still more on each toe

to resist the weight of gravel and water resting on them. Finally,

he adds a roadway on the top, and therefore feels justified in

taking something off from the triangular section at about 77 feet

from the top, thus producing the profile recommended. Mr. Fteley, in

his report as consulting engineer, goes over the same ground, though
much more in detail, giving complete calculations, stating that the pro-

file was determined by observing the three following conditions :

1st. That the resultant of the forces (weight of dam and pressure of

water.) shall always fall within the middle third of any section, whether
the reservoir be full or empty.

2d. The pressure on the masonry at any point must not exceed a cer-

tain safe limit, 16 tons per square foot being the amount decided upon.
3d. That there shall be no tendency for the masonry to slide at any joint.

The first two conditions are based on the supposition that the stress on
any joint varies uniformly from one toe to the other, which can only be

absolutely true if the structure is rigid, a condition which can never be

completely fulfilled. As, however, the error of this assumption is on the

safe side, and as the real law of the distribution is not known, it was
thought best to design the dam as if the stresses were thus distributed.

The stress allowed, 16 tons per square foot, is large, but, considering

the above facts and the known data as to the stone to be used, the engi-

neers did not consider it excessive.

Soon after these reports were presented articles discussing them began
to appear inthe various engineering periodicals, and inmost cases curved

dams were ad vocated and also the profile recommended was severely

criticised. The Engineering News discussed the matter editorially and
presented the following arguments in favor of curved dams. Admitting

that as long as the dam could resist the water pressure by gravity with-

out yielding, arch action could not occur, yet in case the pressure against

the dam should by reason of ice, wind, earthquakes or any other cause

be increased, then the ability of the dam to act as an arch would be an
additional safeguard. An engineer of Philadelphia, Mr. Marechal, argued

in the same way, showing that with a radius of 900 feet the pressure

against the dam could be doubled before the same pressure, 16 tons per

square foot, would be called out at the abutments as is allowed on hori-

zontal joints, assuming that the dam yielded sufficiently to act at the

same time by gravity and as an arch.

The principal objection to the profile presented was the weakness at

the point about 77 feet below the top before referred to. It was claimed

that it would have been better to have departed from the theoretical pro-

file at a point further down, if at all, as it is near the top that the dam is

likely to be affected by wind, ice, waves, etc. The broken lines of the

profile were also objected to on the ground of architectural effect.
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The Engineering News also argued that, independent of arch action, a

curved dam would be stronger than a straight one, as the lateral

pressures would give increased strength to the masonry, just as a speci-

men in a testing-machine would be stronger if subjected to lateral press-

ures as well as vertical than if to vertical alone. Also, that these lateral

components would be balanced by a strut action through the dam at

right angles to the axis, leaving only the component parallel to the axis

to be resisted by the structure as a gravity dam. To this Prof. Church,

of Cornell University, objected that this so-called strut action could only

be called out by yielding of the masonry, and that therefore it would not

be more likely to act in that way than as an arch. The Engineering

JS'eics held that the dam would be practically a monolithic structure,

leaving little or no '"slack" to take up.

Whether there is anything in this strut action or not, it is I think evident

that the additional stability that may be relied on if that of gravity be

insufficient, is a strong point in favor of the curved dam. Some time

after the reports of Engineers Church and Fteley were presented a Board
of Experts was appointed by the Aqueduct Commission to consider the

plans and report any changes they might consider advisable. As
the result of their labors they recommend a change of location, a curved

dam, and a modified profile.

The change of location was made for topographical reasons, and
while the length of the dam is increased considerably, the amount of

masonry, and hence the cost, are very little more than that of any other

location proposed.

A curved dam is recommended because, while it is granted that, as

long as the masonry is intact, and I may add, does not yield, no arch

action will be called out, yet if for any reason the dam is not strong

enough to resist the pressure entirely by its weight, the curved dam
would then act as an arch and greater safety assured.

It is also to guard against indeterminate stresses from wind, ice, etc.,

that the curved form is preferred. This argument holds particularly

well for the upper part of the dam, where such stresses will be specially

felt, and where abutment stresses will be less severe than farther down,
as the material added for roadway will reduce their intensity. The
curved dam is also better from an architectural view, being much more
effective than a straight structure would be.

The profile recommended by the Board is based on the following con-

ditions:

(a) The co-efficient against overturning shall in no place be less than
two.

(b) That the ratio of the weight of the masonry above any horizontal

section to the maximum force tending to prevent sliding shall never be

less than three to two.

(c) That the maximum stress on down stream end of joints at the

river bed shall not exceed 10 tons per square foot.

(d) That below the river bed, on account of the lateral pressures of the

earth, the pressure may amount to 14 tons per foot.

(e) On the upstream end of joints, when the dam is empty, the press-

ures may be somewhat greater, as they will be reduced as the reservoir
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fills. The result of imposing these conditions is a profile with a curved
front instead of one made up of broken lines, as first recommended, also

with considerable greater thickness near the top, especially at the point

to which attention was called earlier in this paper.

This final design appears to be an admirable one, and it is to be booed
that it may be carried out, though just at present the outcome appears

doubtful. It is a great undertaking, and of course should receive the

most thorough consideration before it is carried out, but I know of no
example of municipal engineering that has been more carefully studied

than this one, and hope to see it carried to completion.

SMOKE PREVENTION.

By Robert Moore, Member of the Engineers' Club of St. Louis.

[Read November 21, 1888 ]

Of the various nuisances growing out of the conditions of modern city

life the pollution of the atmosphere by smoke is one of the most persist-

ent and hitherto the most intractable. Of modern city life, I say, for

the reason that as compared with those of to-day the cities of the past

were smokeless, our present condition being due to causes of quite recent

origin. The great cause, of course, is the enormous increase in the use

of coal as fuel which has taken place in the last fifty or sixty years,

which increase, again, is due to the development of the railroad and
other improved methods of transportation and to the vastly increased

use of steam.

In proof of the great importance of this last-named agent as a provok-

ing cause of the smoke nuisance we may note the fact that even in St.

Louis, which is not pre-eminent in manufactures, not over one-third of

the coal brought into the city is used for domestic purposes, whilst the

other two-thirds are used almost wholly in the production of steam.

The conditions of household fires, as compared with other fires, are,

moreover, such as to limit the production of smoke, so that if this were
the only use of coal the smoke even in the largest cities would not be

a very serious matter. The dense black clouds which now pour their

polluted breath over everything, and at times shut out the light of day,

are from fires which have their sole origin in the use of steam ; so that

smoke in the sense which concerns us now is a product of the present

century and one of the outgrowths of the genius of James Watt.

But before there can be any useful discussion of means for the abate-

ment of this nuisance, and the practicability of their adoption in our

own city, it is necessary to get definite ideas as to the exact nature of

smoke and the conditions which determine its production.

Visible smoke, then, for we have no concern just now with the invis-

ible products of combustion, is carbon in a finely divided state which

escapes from the fire in which the remainder is consumed. Owing to

the fineness of the particles its coloring power is very great, and the ab-

solute quantity of carbon in even the blackest smoke is very small. On
this point the common opinion, which places the amount of fuel lost in

the smoke at high figures, is wholly at fault. To determine the exact
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amount of carbon in smoke, Mr. J. C. Hoadley, of Boston, several years

ago (August, 1881), by means of a suction fan which drew the products

of combustion through a vat of water in which was placed an intercept-

ing screen of cotton cloth, collected for one week all the soot from the

flue of a steam boiler " fired with bituminous coal and producing very

black smoke," and found it to amount to but one six-hundredth part of

the coal burned, or one grain for every 29 cubic feet of the escapir g
gases.*

To demonstrate to the eye the very great coloring power of carbon in

the form of soot. Mr. C. F. White, of Washington University, has very

kindly repeated for me an experiment suggested many years ago by Mr.

C. Wye Williams by putting into a bottle of clear water an amount of

soot equal to one part by weight to 2,666 parts of water. From the deep

black color which it produces you can understand how the dense and

solid-looking clouds which at times issue from our large chimneys may,

after all, contain but a very small percentage of carbon.

From this view of the matter we at once reach a conclusion of prime

importance in any discussion of smoke prevention, and that is, that it

has no special pecuniaiy importance to the coal user. He has, in fact,

very little interest in the matter beyond that which he shares with the

public at large. But whilst the loss to the coal user is very small, the

injury to the community is very great. The damage by soot to goods,,

furniture, books and pictures, and the additional costs of housekeepings

would, if they could be computed, be found to be a very large

sum. For the city of London a recent estimate by Mr. A. F^

Russell places it at five millions pounds sterling per annum. The
damage to health also is very considerable. In the same paper-

to ^hich I have just referred Mr. Russell makes the statement

that in the great fogs of 1880 in London, the effects of which are

always greatly intensified by the smoke, the death rate rose from.

27.1 per 1,000 for the week ending January 24 to 48.1 for the week
ending February 7, which was the period of thickest fog. In three

weeks, from January 24 to February 14, the excess of deaths over the

average in London was 2,994. The cases of illness due to the same
causes were probably ten times this number. Mr. Russell also notes

that in the week ending February 7 the deaths from whooping cough
were 248, a number beyond all precedent, and that the deaths from;

bronchitis were 1223.

f

In addition to which, motives of no less cogency for the prevention of
smoke may be found in the lowering of the standard of cleanliness, in-

the defacement of the landscape, and the general discomfort and depres-
sion of spirits which the murky atmosphere produces. It is, indeed, one

*American Machinist, Dec. 23, 1883. See also Report of the Smoke Abatement Com
mittee of 1882, published by Smith & Elder, London, 1882. page 40.

t See " Nature " for November 8, 1888. Prof. Chandler Roberts (Popular Science
Monthly, November, 1888, page 139) by a different method of reasoning places the
cost of smoke in London at £4,600,000, or about one pound sterling per year for each
inhabitant, which agrees very well with Mr. Russell's figures. Calling the popula-
tion of St. Louis 450,000, this rate would give an annual loss of $2,250,000. Of course
no figures on this subject can pretend to be exact, but they have some value as in-
d icating roughly what is beyond all qiiestion a serious pecuniary loss.
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of the greatest deductions from the pleasure of life in cities, and in this

city its banishment would add more to the comfort of living and to the

value of residence property than any other single thing whatever. And
when we consider how closely cleanliness is allied to godliness, how
largely civilization consists in the removal of the dirt and the suppres-

sion of the nuisances which characterize the savage life, and the fact

that its power to purchase comfort is that which gives to money its

value, the subject takes on a higher aspect and becomes one of the first

importance.

To locate definitely the origin of smoke, which is the first step in any
study of the means for its prevention, it is necessary to subject the coal

from which it proceeds to an analysis, of which the first and most im-

portant steps are extremely simple and can be taken by any one.

If the bowl of a common tobacco pipe, which has first been filled with
soft coal broken to a fine powder and then covered over with clay, be

placed over a fire we shall in a few minutes find issuing from the stem
a stream of gas which, if lighted, will burn with a bright flame. This

is identical with the ordinary illuminating gas, except that the latter

before distribution is passed through various purifying processes for the

removal of the sulphur and ammonia.
Recurring to our experiment we find the flow of gas presently ceases

and the flame goes out. On removing the covering of clay we find the

powdered coal has been fused into a single porous mass of what is known
as coke, which is composed mainly of pure carbon. The coal meantime
has lost in weight from 30 to 40 per cent. If now we continue the ex-

periment still further by subjecting the coke to a sufficient heat, we
shall find that whilst there is no flame and no smoke the whole mass
will become incandescent, with a large evolution of heat, until finally

the fire dies out, and there is nothing left but a small residue of whitish

incombustible matter known as ash. The weight of this residue varies

with the quality of the coal from 6 to 20 per cent, of the original

mass.

Here, then, we have found the three constituents of all soft coal: First,

the volatile combustible matter or gas; second, the fixed carbon or coke;

and third, the incombustible matter or ash.

Now, in the burning of the coke, as we have already observed, there

is neither flame nor smoke, so that in searching for the origin of smoke
this element of the coal as well as the ash may be set aside and our at-

tention confined wholly to the first, or gaseous element. Upon subject-

ing thie part of the coal to analysis by the more refined methods of the

chemical laboratory, it is found to be of a somwhat complex nature, but

to consist essentially of various combinations of the two elements, hy-

drogen and carbon. Now whilst each of these elements combines with

oxygen in the process known as combustion, neither of them when
burned by itself produces any smoke. The hydrogen flame is smokeless,

and so also is a fire of coke or charcoal, both of which are fuels in which

the only combustible matter is carbon. Smoke is evolved only from a

fuel containing both hydrogen and carbon in combination, such as the

coal gases, which we now have under consideration. The reason for the

appearance of this phenomenon in this case is found in the fact that of
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:he two elements composing the gas, the hydrogen has an attraction for

oxygen much greater than that of the carbon. That is to say, the hy-

drogen burns more readily than does the carbon. When, therefore, a

complex molecule like those of coal gas is brought into contact with a

portion of oxygen which is not sufficient in quantity for the combustion

of both of its elements, the hydrogen seizes upon the supply first and

thus sets the carbon free, when it assumes the form of the black precipi-

tate known as soot or smoke. Or again, if with an ample supply of oxy-

gen the temperature be for any reason below the kindling point of car-

bon, which is considerably higher than that of hydrogen, the latter only

will be burned and the carbon set free as before.

In the absence of hydrogen, and with a fuel composed of carbon only

the results of the foregoing conditions are wholly different. With too

low a temperature there is no combustion at all and the fuel remains un-

changed. If, on the other hand, the temperature be high enough but

the supply of oxygen too small, there may be either a complete combus-

tion of a part only of the fuel or a partial combustion of the whole. In

the former case part will be unchanged and a part converted into carbonic

acid (COo), an invisible gas, and in the latter the whole will be converted

into carbonic oxide (CO) also an invisible gas. In neither case is any

carbon set free in the form of visible smoke.

This, then, is the theory of the production of smoke. It is the result

of the combustion of the hydrogen only in a hydro-carbon fuel and the

consequent precipitation of the carbon, which result may be due either

to a temperature too low to ignite the carbon or to an insufficient supply

of oxygen.

Having thus reached definite ideas as to the nature and origin of

smoke, we are now prepared to discuss intelligently the means for its

prevention. But before proceeding to consider these in detail, we may
note that every plan for the abatement of the smoke nuisance must be

embraced in one of two great classes, to wit :

First.—The class of methods which involve the use of smokeless fuels,

and
Second.—The class of those which do not involve the abandonment of

the smoke-producing fuels, but propose means for using them in such

manner that the smoke shall be prevented.

Taking up these two classes of remedial measures in order, we see from
what has gone before that as smoke is due to the imperfect combusticn
of a hydro-carbon fuel, it may be avoided by the use of fuels without

hydrogen. The fuels of this class are three : anthracite, coke and char-

coal ; and the general use of either of them would be a complete solu-

tion of the problem which we have in hand.

The difficulty, however, with each of these is that its cost is so great as

to place it for us here practically out of reach, except for uses of a very
limited and special character.

That this is true of charcoal goes without saying. Even wood, which
is much less expensive, has, in the progress of time, disappeared from
use as fuel except in remote districts and for strictly domestic purposes.
Until a few years ago charcoal has had a very limited use in the kitchen
and laundry, but the cheaper and more convenient gas stove has now
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routed it even from these its last refuges, and we may consider it now as

a thing of the pas .

With the other two fuels of this class, anthracite and coke, the case is

somewhat different. Of both these the statistics gathered by the St.

Louis Merchants' Exchange show a large and increasing use, amounting
in 1887 to 65,000 tons of anthracite and 167,726 tons of coke. Both, how-
ever, are small when compared with the 2,661,000 tons of soft coal used in

the same year. Or, reducing these figures to percentages, we find that

of the total fuel used in St. Louis in 1887 :

92 per cent, was soft coal,

5| " " coke, and
21 " " anthracite.

And when we look a little closer into the matter the reasons for these

figures become very evident. For when we take the average ruling

prices of each class of fuel and combine them with the figures express-

ing their actual value for steam purposes, we find that to evaporate 1,000

pounds of water will cost

—

With soft coal (7| cents per bushel), 15 cents.

" coke (f4. 60 per ton) " 33 " and
" anthracite ($7 per ton), " 40 "

Nor is there any probability of anything in the future that will change
the order or relative value of these figures. The cost of the coking

process and the necessary waste which it involves, our distance from the

anthracite field and the increasing drafts which are being made upon it

by consumers nearer at hand, will always make these two fuels expen-

sive for all purposes where heat alone is required. So that for all except

special uses in which mere heating value is of subordinate consequence,

such as the use of coke for melting iron, and the use of anthracite for

warming houses, these two fuels are, as regards St. Louis, effectually

ruled out.

Still another class of smokeless fuels are thoso which contain hydrogen

but contain no solid carbon, a class of which the two principal repre-

sentatives, to wit : petroleum and fuel gas, are of very great and con-

stantly increasing importance.

It will be observed that I have called these smokeless fuels, notwith-

standing the fact that they are both hydrocarbons and both capable of

producing unlimited smoke. Yet, owing to the absence of solid carbon

and their consequent homogenity of structure, the requirements of the

air supply in burning them are always the same. The mechanical

adjustments necessary to insure perfect combustion are. therefore, so

easy to make and to maintain that both these fuels are in fact burned

without smoke.

By far the more desirable of these two is the fuel gas. The ease with

which it is transported and controlled, the almost unlimited uses to

which it can be applied, from the warming of a bed chamber to the melt-

ing of the most refractory metals and the entire absence of smoke or dirt

of any kind in its use, all make it the ideal fuel, and give color to the

belief that this was the fire stolen by Prometheus from the gods. No
marvel in all fiction is greater than the transformation which this agency

has wrought before our eyes in the smoke-buried city of Pittsburgh, nor
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do we wonder that a spring of this kind on the shores of the Caspian

should have been, as for centuries it was, the most sacred shrine of the

Fire Worshipers.

When, however, we come to weigh the probabilities of the like trans-

formation for St. Louis, we are met by the unwelcome facts that there is

probably no adequate supply of natural gas within our reach, and that

no form of artificial gas has yet been found to take its place. It is true

that for metallurgical works in which a very high and uniform tempera-

ture is required, gas made in the ordinary open-air producer has to a

very large extent taken the place of coal. This gas, however, which con-

sists essentially of hydrogen and carbonic oxide, due to the partial

combustion of the coal is so highly diluted with inert nitrogen from the

air (from 50 to 70 per cent, of the whole volume) that it will not bear

transportation in pipes, and the plant for making it on the premises is too

cumbrous and expensive for use except in large and important works.*

As for the richer gases, made by either the common retort or the water

gas system, they are, and will probably continue to be, too expensive

ever to take the place of coal except for very limited and special uses.

To evaporate 1,000 pounds of water, for example, by means of common
illuminating gas, at $1.50 per 1,000 cubic feet will cost $2.25, whereas
with our common soft coal the same work can be done for 15 cents. And
when we reflect upon the fact that in order to compete on equal terms

with soft coal for ordinary heating and steam purposes, gas of calorific

power equal to the common illuminating gas must be made and dis-

tributed for 10 cents per 1,000 cubic feet, the prospect for its general use

as fuel becomes so remote that for all present purposes it may be dis-

missed.

Far better than for gas is the outlook for petroleum. In consequence
of the opening of new oil fields and improved methods of transportation,

the price of petroleum has within the last few years been much reduced.,

and its use as fuel widely extended. Its high calorific power, the ease

with which the flame can be regulated, and the entire absence of ashes

or smoke give it a rank as a fuel second only to gas. Its largest use for

this purpose is in southeastern Russia. On the steamers which ply on
the Caspian and the Volga, and on some of the railroads, notably the

Grazi-Tsaritsin Railway, it is the only fuel used. Of the satisfaction

which there attends its use, a recent traveler, Dr. Chas. B. Dudley, of

the Pennsylvania Railroad, speaks in the strongest terms. " The comfort
to the passengers," he says, " by the use of this magnificent combustible
for generating steam can hardly be described. Not a cinder or a trace

of smoke ever disturbs them. Windows can be left wide open so far as
the locomotive is concerned." In this country its use has been so far

limited to points in the immediate vicinity of the oil regions or to points

remote from coal, like Minneapolis or New Orleans, where the facility of

transportation is so much in favor of petroleum that it is beginning to

displace coal. In St. Paul, where it is now used in the power house of
the cable railway, it is reported to be equal in cost to coal at $3 per ton.

* Some recent experiments in St. Louis gave reason for hoping that by modifying
somewhat the form of the producer, and placing it close to the boiler, gas can be
made and used economically for producing steam even in plants of moderate size.
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Even in Chicago, where coal is cheaper, the recently completed pipe line

from the Ohio oil field will no doubt give rise to a very large use of

petroleum as fuel.

There are, however, two serious drawbacks to its general use in cities;

the first of which is the fact that in the judgment of insurance com-
panies, it increases the risk of fire ; and the second, that the crude oil,

which is the only kind available for fuel in this country, has a smell so

pungent and penetrating that in a crowded neighborhood it would prob-

ably be a greater nuisance than the smoke. Added to which there is

here in St. Louis the further fact that for equal quantities of heat its

cost is as yet considerably greater than coal. As the result of a working
test extending over a number of days, made in June last at the Wash-
ington University, the cost of evaporating 1,000 pounds of water was
found to be 24 cents, or 60 per cent, more than the cost of doing the same
work with soft coal. These figures, which tally very closely with the re-

sults obtained in Minneapolis and St. Paul, are, however, much below
those for any of the other fuels we have considered, and give to petroleum

in point of cost a rank next only to our ordinary coal. For special uses

it is no doubt economical even now, and its cost may perhaps be stll

further reduced. To equal soft coal, however, it will have to be delivered

to consumers here at a cost not exceeding lT°y cents per gallon, or 65

cents per barrel, figures which are far from being in sight now.
Here, then, as a result of our inquiry, we find ourselves face to face

with the conclusion that for St. Louis there is no prospect of relief in a

change of fuel, but that, for all ordinary every-day uses, the fuel with

which nature has here so bountifully provided us must be accepted "for

better or for worse," and the problem of smoke prevention worked out

upon the basis of the continued use of our common, raw, bituminous coal.

Addressing ourselves, therefore, to this problem we note first of all

that inasmuch as all the smoke produced in the burning of soft coal

arises from the gas, the real problem is still further narrowed down to

finding means for the perfect combustion of the coal gas in the same
furnace in which the fixed carbon is also burned. It is from this mix-

ture of the two kinds of fuel, gaseous and solid, that the whole difficulty

of the problem arises. With gas alone it is a perfectly simple matter to

so arrange the air supply that the combustion shall be smokeless, and

with coke alone smoke is impossible; but to completely burn the two at

"the same time and in the same furnace has proven in practice to be

a problem of the first magnitude.

The reason for this difficulty is not far to seek. To burn the fixed car-

bon, in which the gi-eater part of the heating power of the coal resides,

the air which furnishes the oxygen should be introduced from below so

as to pass up through the incandescent mass. If introduced above the

fire it is at once heated and struggles to get away. If burning coke alone,

we shut off all openings above the fire as not only useless but hurtful,

for the reason that the introduction of air at this point tends to fill the

partial vacuum by which the air is drawn through the fire from below.

But under the actual conditions we have along with the coke, and rising

from it, a large volume of combustible gas, to burn which a correspond-

ing volume of air must beintroduced into the upper part of the furnace
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above the bed of incandescent coke. It is here the gas is found, and

here, if at all, it must be burned.

Here, then, we have the conflict. To burn the coke we should admit

air only from below, whilst to burn the gas we must admit air into the

upper part of the furnace, and to that extent check the combustion of

the fixed carbon, in which the heating value of the coal mainly resides

and upon which the evolution of the gas itself depends.

As in many other conflicts, the solution is a compromise. To burn the

coke and make a heated bed, on which to distill the gases from the fresh

coal, the greater part of theair must be admitted through the grate bars,,

but another and considerable part (from 15 to 20 per cent.) must, for the

prevention of smoke, be at the same time admitted above the bed of

burning coal. All this, however, could be arranged, and the amounts

and points of admission of the air supply adjusted to the requirements

of the two kinds of fuel, were these requirements only known and con-

stant. But, as a matter of fact, and under the ordinary methods of firing

they are extremely inconstant, and can hardly be exactly known at any
single instant. When fresh coal is thrown on the fire there are a few
minutes in which the evolution of gas, and the consequent demand for

air to consume it, is very large. This evolution of gas, however, soon

ceases when there is left a fire of the fixed carbon only for which the

requirements of the air supply are entirely different. Unless, therefore,

the evolution of gas can be kept constant, which with a furnace fed in-

termittently in the ordinary manner is practically impossible, the only

way to insure complete combustion at all times, and the resulting ab-

sence of smoke, is to vary the amount and source of the air supply so as

to correspond with the ever-varying conditions of the fuel. But to do
this successfully is a task calling for a degree of watchfulness, industry

and skill far beyond the resources of the ordinary firemen. And when
in view of these difficulties we recall the fact that the amount of fuel

lost in the smoke is after all so trifling, the inky clouds which issue from
our chimneys cease to be a matter for wonder.

Coming now to the means by which these results may be prevented,

we find that the more meritorious devices, which alone we need consider

now, may be grouped into two principal classes, of which one aims to

regulate the supply of coal to the fire, whilst the other seeks to regulate

the supply of air.

The first class is that of the so called "mechanical stokers," the aim of

all which is to secure a uniform evolution of gas by means of a constant

supply of coal, fed to the fire by suitable mechanism. Of these

there are a large number, as specimens of which in this country
may be mentioned the Brightman, Hodgkinson and Roney
mechanical stokers, and the Murphy "smokeless furnace."

Though differing in many respects, these are all alike in feeding

the coal regularly to the fire by mechanical means without opening the

furnace door. Some of them, as the Brightman and the Roney, have
also means for removing the masses of molten ash or clinkers. With the

coals burned here, this is a matter of much importance, as they all con-

tain a large quantity of very fusible ash, and the want of means for its

easy removal when formed into clinkers is a serious defect.
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One very important feature of this class of furnaces is that they all re-

quire the coal to be broken to nut size before it is used. As the air

passes less readily through the coal when fine than when it is in larger

lumps, this requirement interferes with the burning of coal in large

quantities and accounts in great measure for the slow rate of combustion
which, so far as I can learn, characterizes all furnaces of this kind. The
general idea, however, which lies at the bottom of this class of devices,

viz.: That the coal should be fed to the fire at a uniform rate and without
the cooling effect due to opening the furnace door, is entirely sound, and
in practice some of them give most excellent results in the economical pro-

duction of steam and the prevention of smoke. Within certain limits as

to the rate of combustion, which are unfortunately rather low, they are

fairly successful solutions of the problem in hand.

A second class of smoke-preventing devices is one which leaves the

present method of firing unchanged, but provides special means for the

introduction of air above the fire and its thorough intermixture with the

coal gases.

One of the first of these, whose name now is legion, is the so-called

Argand furnace, patented in 1839 by Mr. Chas. Wye Williams, of Liver-

pool, who was one of the first to firmly grasp and clearly state the true

conditions of the combustion of coal and the prevention of smoke, and
who wrote a treatise thereon which is still the beginning of wisdom for

all students of this subject. His furnace, which was an adaptation of

the principles of the Argand gas burner to the combustion of the furnace

gases, consisted essentially in the introduction of air above the coke bed

through a number of small orifices from three-eighths to three-quarters

of an inch in diameter, the point of introduction being sometimes in

front, sometimes at the rearj and sometimes at the sides of the furnace.

This furnace at once attained a marked success, and the general ideas

embodied in it have since then been the basis of a multitude of similar

devices, some of which (the Jarvis furnace for example) are almost iden-

tical with the Argand furnace of Wye Williams.

Of course the efficiency of any arrangement for the admission of air

is increased by increasing the draft, which may be done either by adding

to the height of the chimney or by mechanical means. The value of

the latter method was fully recognized by Williams, who gives in his

book (pages 134-138) an account of some very successful French experi-

ments in which the draft was produced by means of a suction fan in the

furnace stack. Still another and later method of increasing the veloc-

ity of the air supply is the use for this purpose of an air injector actuated

by a jet of steam.

In this class of devices, of which there are quite a number, small open-

ings are made into the furnace above the coal precisely as in the Argand
furnace of Wye Williams. But instead of depending upon natural draft

to force the air through them, there is in each a small jet of steam,

which projects the air into the fire with a high velocity and causes the

mixture of hot air and gas to be made more quickly and thoroughly than

is practicable by natural draft alone. The result of this where the number
and arrangement of jets is properly made is a very perfect combustion

of gas with an almost entire absence of smoke. Two devices of this kind



SMOKE PREVENTION. 203

are now in actual use in this city. One of them may be seen at the power

house of the Olive Street Cable Railway, and the other at the store of

D. Crawford & Co.

In principle this method of smoke prevention is entirely sound, and

the results actually attained are very good. It has also the great merit

of being comparatively inexpensive, and of being easily applied to an ex-

isting furnace. In these respects it has greatly the advantage over the

class of mechanical stokers, which are much more costly, and can, as a

rule, be applied to an existing plant only by entire re-construction of the

furnace. It has also the further and very important advantage of admit-

ting a higher rate of combustion than so far seems practicable by the

other method, thus giving to the same set of boilers a greater working

value.

This reduction of capacity has up to this time been the greatest obstacle

of all to the introduction of smoke-preventing furnaces. A very careful

and very valuable series of tests of the actual working of such furnaces

has been made by Professors White, Jones, Potter and Johnson, of the

Washington University, who have thereby done more than any other

persons whom I know to convert the ordinary crude guesses upon this

subject into exact and scientific knowledge. Their experiments, which
have included the Backus, the Hall, the Jarvis, the Williams and the

Murphy furnaces, have shown thac by their use in such a manner as to

be smokeless, the capacity of the steam plant as a whole is from a value

of 100 per cent, given by the common smoke-producing furnace brought

clown to 60, a reduction of 40 per cent. In other words, if wich the

common furnace burning coal without any regard to the amount of

sraoke produced, it requires three boilers to make a given amount of

steam, five boilers will be required to make the same amount of steam

if a smokeless furnace be used. As our steam boiler practice here has

always been largely governed by that of the river steamboats on which
it is «.f vital importance to make the needed steam with the smallest

boiler possible, and as, moreover, many steam users are unable as well as

unwilling to incur the increased outlay necessary for a smokeless plant,

the introduction of these has until recently made little or no progress"

Many have put in smoke-burning devices, but finding they could not

make the steam which their business demanded, have taken them out

and reverted to the old methods, which do indeed produce smoke, but

do at the same time give them the power which they require. And un-

less some method is founi by which this difficulty can be overcome, the

prevention, of smoke will be seriously embarrassed, as it will in practice

be found to be a matter of much difficulty to compel steam users to

make the larger investment of money which a smokeless plant will re-

quire.

In order to ascertain by an actual test the performance in this respect

of the device in use at the Olive street power house, which was not in-

cluded in the series of tests already mentioned, Mr. P. C. Maffit, Presi-

dent of the Missouri Railroad Company, very kindly consented to put
the plant for this purpose at the disposal of Mr. C. E. Jones, of the Manual
Training School, who volunteered to give the matter the necessary

time. Such a test was accordingly made on October 13, extending
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from 7:30 in the morning until 11 o'clock at night. During this time

the boilers were run first at the ordinary rate necessary to do their

regular work, burning 23 pounds of coal per square foot of grate surface

per hour; second, at a rate of 32^ pounds; third, at a rate of 27 pounds r

the smoke-preventing apparatus being all this time in full operation and

the amount of smoke produced being noted by an observer stationed

on the roof. Finally the plant was run for three hours with the smoke
burner shut off.

Whilst these experiments were not sufficient to determine all the facts

in regard to the working of the apparatus, notably the amount of steam

required to operate it and its effect, if any, on the boiler, they were

enough to show that simply as a preventer of smoke it has much merit.

Up to a rate of 27 pounds of coal per square foot of grate surface it was
practically smokeless. Beyond this rate of firing there was a good deal

of smoke, though very much less than with an ordinary furnace. Though
in practice it is sometimes desirable, or even necessary, to push a fur-

nace to a rate of 35 or even 40 pounds of coal per pquare foot of grate

surface per hour, it is not common, and ought, perhaps, never to be

necessary. So that a furnace which will, as in this case, burn 27 pounds
substantially without smoke may be considered as fairly successful.

I am of the belief, however, that the highest success attainable will be

reached by a combination of these two general methods, viz.: by some
form of mechanical stoker which will feed larger coal than those now
in use, coupled with means for the admission of air, by a forced draft if

necessary, in proper quantity above the coal or at the bridge wall for

the combustion of the gases. I do not know of any existing apparatus

which quite fills this ideal, but I can see in it nothing impracticable,

nothing which we may not reasonably hope to attain. On the whole,

we are, I think, justified in the belief that with proper efforts the smoke
nuisance can even now be very greatly mitigated, and in course of time

substantially abated. To do this will no doubt cost some-

thing in money and something in convenience to the coal user. The
same thing may be said, however, of nearly every other public nuisance.

As a rule their abatement is attended with both trouble and expense,

and hardly any of the comforts of civilization are given to us for noth-

ing. But even if the sacrifice required in this case were much greater

than it is ever likely to be, it is no more than we have a right to ask,

or even to require the citizen to make to the comfort and well being of

the community at large. And to help form a public sentiment which
will emphasize and enforce this demand, and without which the most
stringent ordinance will be a nullity, is a worthy object both for in-

dividual and associated effort.
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RECENT IMPROVEMENTS IN ELECTRICAL TRANSMISSION.

By N. S. Possons, Member Civil Engineers' Club of Cleveland.

[Read November 13, 1888.]

The great subject of electricity, that invisible force which is so en-

grossing and absorbing the busy minds of our youth to-day, presents a

field unbounded. The uses to which this force can be put are to the

scientific man and observing student of an exceptional and significant

character. Ptrhaps I may be permitted to state that the advancement
of science is to the inquiring mind more suggestive and more studied

than any other field. The grand principle of electrical transmission of

energy is becoming better understood. We are continually advancing ;

each hour makes a forward step towards success. But there are other

ways of advancing and adding to the sum of human knowledge, by
Studying methods of construction.

The discovery of electric currents originated with Galvani, a physi-

cian in Bologna, who, about the year 1786, made an important observa-

tion upon the convulsive motions produced by the " return shock " and
other electric discharges upon a frog's leg. He was led by this to the

discovery that it was not necessary to use an electric machine to produce

these effects, but that a similar convulsive kick was produced in the

frog's leg when two dissimilar metals, iron and copper, for example,

were placed with a nerve and muscle respectively, and then brought into

contact with each other.

Galvani imagined this action to be due to the electricity generated by

the frog itself. It was, however, proven by Volta, Professor in the Uni-

versity of Pavia, that the electricity arose not from the muscle or nerve,

but from the contact of dissimilar metals. When two suitable metals

are placed in contact with one another, one becomes positive, the other

negative. This Volta proved in many ways, one of which was known as

the Volta pile, and consisted in placing in contact a number of dissimilar

metals so arranged as to add to their electrical effect together. These

effects were more powerful in proportion to the number of their con-

tacts.

Another combination was a number of cups filled with acidulated

water into which was dipped a number of strips of copper and zinc, the

copper becoming what is termed the positive pole, the zinc the nega-

tive. There will be a continuous flow of electricity from the zinc to the

copper through the cells. It will also show that the zinc is slowly dis-

solving in the dilute acid, and that this action goes slowly on as long as

the two are connected. The current itself cannot be seen to flow, hence

to prove it a knowledge of some of the effects is required which a cur-

rent will produce. Flowing near a magnetic needle will cause it to turn,

or flowing through a thin wire will cause it to heat, or flowing through

water will decompose it, or, lastly, flowing through a living body or a

sensitive portion of it produces certain sensations.

The term electromotive force is employed to denote that which moves
electricity from one place to another. Just as in water pipes, a difference



RECENT IMPROVEMENTS IN ELECTRICAL TRANSMISSION. 207

in level produces a pressure, so E. M. F. sets up a current just as soon as

a circuit is completed for the electricity to flow through. The same E,

M. F. does not always produce a current of the same strength. The

strength depends not only on the force depending to drive the electricity

around the circuit, but also on the resistance which it has to encounter

to overcome the flow. When the wire is complete, if the circuit be very

long or very slim the action will be partially stopped. I • have in the

foregoing explained to you the E. M. F., or, as we term it, the tension of

the current, and the resistance of a circuit. This we designate the Ohm.
There is still another term called the Ampere, which is the unit of quan-

tity. With these terms we are prepared to make all our measurements

in electrical science.

It is needless for us, in our limited time, to follow up the experiments

of Franklin, when the wetted strings from his kite during the passing of

a storm conducted the electricity to the earth and yielded an abun-
dance of sparks, but will pass on to the early discoveries of Faraday in

1832, to whom is given the credit of discovering the principles of the

dynamo machine. This great discovery remained apparently dormant
until Gramme, a cabinet-maker, brought out his celebrated machine,
which was to give an impetus to this new discovered force. Later on
Mr. Brush brought out his wonderful series lamp, which is so extensively

used. A few years later came incandescence lamps, of which I will en-

deavor to give a general description of one or two, avoiding all technical

details, because I do not think any one present is prepared to manufac-
ture, although some may be called upon to manage lamps supplied by
the manufacturers. These various makes of lamps differ from each
other in the method of preparing the carbon filament.

All incandescence lamp filaments consist of some vegetable substance

which has been carbonized. The ends of these filaments are connected
with two platinum wires passing through the glass, which is melted to

them. Platinum is used because its expansive rate is about the same as

glass, and prevents the glass from cracking in cooling.

For lighting purposes metal and carbons are the classified conductors,

the resistance increasing for small diameters inversely proportional to

cross section. Desiring to concentrate heat at a given point, we place a
sufficiently high resistance at that point and force a strong current
through it so as to make it glow and give light. In all lamps, either an
indestructible resistance, or one easily or cheaply renewed, is adopted.

It would be impossible to use platinum wire, as this fuses at too low a
temperature. Carbon alone satisfies in a measure the conditions. It

has never been fused, hence the fine thread of carbons is brought to a
high state of incandescence, and prevented from oxidation by being
hermetically sealed in a glass bulb from which all the air has been
exhausted. The life of the lamp depends largely upon its perfect

exhaustion or the goodness of its vacuum. Sprengal mercury pumps
have been modified for this object, to drive out the gases which remain
when exhausted cold . Hot exhaustion is resorted to while the lamp is

still attached to the pump. A current of electricity is sent through the
filament, and all the gases driven out of the carbons, and the lamp sealed
while the current is passing.
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The form of the lamp is generally pear-shaped. The filament is a

thread of cotton parehmentized hy immersion in acid and water, and al-

lowed to remain in this a sufficient time to effect the necessary change,

and then thoroughly washed to remove all trace of acid. This has the

effect of destroying the fibre of the cotton, so that after parchmentizing

the thread becomes transparent. It is then drawn through dies to re-

duce to a uniform size. Carbonizing consists in burying powdered char-

coal and raising to a very high temperature, allowing it to remain under

this heat for several hours. The whole process of manufacture is deli-

cate, and in most of our factories girls and young boys are employed on

account of delicacy in their touch.

Mounting the lamps consists in bringing the platinum connected to the

carbon out in a loop, and these are fitted with a brass ferrule or suitable

connection to fit to a turn off. In the arc iamp the current is sent

through two carbons which touch each other. As soon as the current is

established these carbons separate, and the current continues through

the heated air and vaporized carbon, which is a conductor of high resist-

ance. Great heat is produced at the poles and the carbons glow with an

intense whiteness. These detached particles of carbon are heated in the

air and form a luminous arc. In incandescence lamps the resistance used

to convert electricity into heat is composed of so fine a thread that it

would at once be destroyed if heated in open air. In incandescence

lighting the current leaves the mains and divides between them. When
thus placed side by side, and the current divided between them,

they are said to be in parallel system, multiple arc or in quantity. When
arranged end to end they are said to be in series. Arc lamps are always

run in series, while incandescence lamps are run in multiple. In many
stations both arc and incandescence are run from the same circuit. To
accomplish this successfully a proper device is provided to avoid acci-

dent.

We now come to the important branch of transmission.

It having been discovered that when two electro magnets were caused

to attract eaeh other, they might be excited so as to mutually repel. This

was brought about by merely reversing the direction of the current in

one. This led to the conception of an electro-motor, with the idea

that such a machine might prove more safe and less troublesome than a

steam engine for driving small power. Probably the first motor was con-

structed in the year 1834 by Prof. Jacobi, a Russian. Then followed va-

rious motors embodying examples of high inventive powers, ingenuity

and constructive skill. These were utilized for railway purposes and the

propulsion of ships.

The motors of 1848 were greatly improved over those previously

invented, but they were all found too wasteful of zinc in the genera-

tors. At that date they were actuated by an electric current evolved

from a battery, which converted the potential energy of zinc into an

electric current. This, as compared to coal, was in proportion as seven

to one in expense.

A vast amount of skill and ingenuity has been expended in almost

fruitless endeavors to construct efficient electro-motors. A large propor-

tion of former attempts upon erroneous notions regarding electricity
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have been conducted by inventors possessing all the requisites save that

most essential, " the success of their experiments."

The gradual growth in electrical science brought new facts to light.

An extended familiarity with electricity and its correlatives were brought

to bear upon the question. It was not, however, until 1872 that the

striking result was discovered by M. Gramme, that his electric genera-

tor was as equally efficient as an electric motor. This came from the

fact that scientific men had educated themselves to reasoning backward.

The magnetic and electrical conditions are convertible.

Tnis singular coincidence attracted considerable attention, but its rapid

development has been impeded and delayed by the counter attraction o

electric lighting. Most of the dynamo machines now used may be em-
ployed as motors, and they occupy an important position as motive en-

gines. A former paper treated upon the construction of the dynamo
machine at considerable length; hence their construction need not enter

into the scope of this paper. Examples might be enumerated, but, like

other machinery, their construction should be as complete as possible in

themselves. The earlier forms have been abandoned, and the present

form of motor is designed closely upon the lines of successful dynamo
electric machines.

With reference to their efficiency when employed as motors, we must
first consider the mode of connection. In effecting the transmission of

power by electricity, a dynamo machine is suitably connected by belt or

gearing in any well known form, and driven by a steam engine or other

motive power. The dynamo generates a current of electricity, which
passes through a leading wire to a second machine precisely similar,

which can be placed almost any distance away.
The first generates the current, which, passing through the second ma-

chine, causes it to revolve and renders it capable of exerting mechanical

energy. The amount of work done by the second machine, which in

reality is the motor, is under favorable circumstances about 60 per cent,

of that exerted by the first machine. The loss sustained is very small

when compared with that involved in the transmission of energy by
means of compressed air, water and other ponderable fluids. This had
led naturally to the conception of electric railways, in which the cars

should be propelled by an electric motor. It has been deemed feasible

to transmit the electricity along the line through either rail, or by over-

head wires, to supply current to the motor by frictional contact.

The actual energy is produced by a stationary machine situated any
convenient place along the line, it only being necessary for a collector to

continuously touch the current bearing conductor; this current passes

through the motor and returns to the stationary machine through the

other conductor which completes the circuit. A street railroad thus con-

structed would afford immunity from accidents, as the current could be
immediately suspended in case of danger. It might also be instantly re-

versed. The car being entirely under the control of the driver, any de-

sired velocity can be obtained. With electricity cars can be made to

ascend a 5 per cent, grade with the 'same velocity as when running on a
level.

The electric motor has been applied to a number of purposes of minor
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description with marked success. There still exists a wide field for its

development. Miniature apparatus of this kind may be made to yieid

surprising results within restricted limits, imposed by necessity for port-

ability and lightness, notably for light pleasure boats. For lifts, hoists,

elevators, sewing machines, millstone dressing, dentist's drills, actuating

rock drills, stone engraving apparatus, wood engraving, etc.

This paper may, therefore, be considered as an attempt not only to

elucidate the fundamental principles underlying these means of trans-

mitting power, but also partially to explain the construction of the appa-

ratus.

All the earlier forms of electric machines from the Pixi to the Saxton
type produced alternating currents of electricity, that is, currents of a

to-and-fro character, changing their direction as magnets of alternate

polarity were rotated in front of the induction coils. At the same time

all these machines were magneto machines. They were the forerunners

of a type of dynamo, the most efficient and perfect and modernized repre-

sentative of which is the present Brush machine, which uses a commu-
tator to transform the to-and-fro currents into currents of continuous

direction. All the older type of alternating machines were inefficient,

beside being practically useless, as they were not suitable for lighting

and electrolytical purposes, their only field of usefulness being restricted

to electro-medical appliances. The tendency of electrical convention

pointed to a continuous current machine, and for a time alternating cur-

rent machines were forced into the background.

A'new impetus was given to this type of machine by the invention of

the* Jablochkoff candle, which absolutely requires alternative current

lor its proper use. This took place during the years 1879 and 1881.

The most prominent electricians then bent their energies to the task

of producing the desired machine, resulting in the Gramme alternator

and the Lontine Siemens, which now serve as a basis of construction for

modern machines, as the Westinghouse-Slattery, in this country. It is

only very recently that dynamos have been thoroughly understood in all

their more important details, and this understanding showed the faulty

construction and wasteful energy of the old machines. In some, most
of the energy was confined inside the dynamo, entailing a corresponding

waste of coal and steam, and a destructive amount of heating in all

parts of the dynamo.
The idea of magnetic friction was formerly unknown. A lump of

iron is now considered as a large number of molecules forming such

lump, and capable of rapid motion and also consumption of energy.

Some of these dynamos actually required more driving power when not

generating useful currents for lighting than when they were running
with their full normal load on.

Going back a little, I will repeat that alternating currents are pro-

duced in coils of wire by being rapidly passed through magnetic fields of

altercate polarity with such rapidity that the change takes place as often

as 200 to 300 times per minute.

To increase the induction iron cores are placed into the rotating coils;

it follows from the above facts that the wire core of these coils also pass

200 to 300 times, per second through the magnetic fields of alternate



RECENT IMPROVEMENTS IN ELECTRICAL TRANSMISSION. 811

polarity, whereby the molecules of the iron core are rapidly vibrated an

equal number of times. The inevitable result of such action and of such

rapid and intense magnetic friction must be the development of heat,

which accumulates in the mass of iron, lowering its magnetic conduc-

tivity, and finally burning out everything in contact with it. Hence we
have some explanation of the rumors, and they are well founded on

facts, of the many armatures of such alternating dynamos burning out.

Attention has therefore been directed to overcoming these defects by
subdividing the iron in the armature cores by the use of thin hoop iron,

or of thin sheets of the best soft wrought iron. The effect is at once

apparent, and as an instance of it I mention the old 40-light Brush
dynamo, which had its output raised from 40 to 65 lights by this sub-

division. In alternating dynamos, however far the subdivision may be

carried, the core is still liable to overheating, to burning out, and waste
of energy. The question therefore presents itself as follows :

If iron cores get hot even when as minutely subdivided as is com-
patible with mechanical rigidity, such as is required for a rapidly revolv-

ing body, what else remains to be done? Simply to discard the iron

cores entirely. Of course we thereby cut off the employment of all

metals in the construction of the armature, wherever it is exposed to

the action of the magnetic field.

"We must now make the armature deprived of metal, which we have
shown to be objectionable, of sufficient strength to stand say, 100 H. P.,

rotating at 1000 revolutions per minute.

So we propose a stationary armature instead of a rotating -one, which
entails, as a further consequence, the rotation of the formerly stationary

field magnets. This armature contains no metal core; it will be very
thin, say one-half inch thick, whereas formerly they were 2 to 3 feet

long. This thinness will enable the field magnets to come close to each
other and to the armature, providing an extremely intense magnetic
field, so that a few turns of wire on the armature coils give a very high
excitative and electromotive force. Such a dynamo would be practi-

cally indestructible, and of the highest attainable efficiency. Such a
machine has been developed by Mr. Gustave Pfannkuche, marking out a
new type of alternating current machines.

Naturally the question will be asked, Why do you employ alternating

currents instead of continuous ? We use both for their respective pur-
poses : the continuous for direct lighting ; as, for instance, a low tension
for incandescence lamps and a high tension for arc lamps. Of late the
demand has been for incandescence lamps a long distance from the gener-
ating station ; this demand has become so great that it could no longer
be ignored. Incandescence lamps in private houses require low tension
currents, but these currents cannot be sent over long distances without
very great loss. Therefore high tension currents are sent over long dis-

tance lines, and these high tension currents are converted to low tension
currents at the point of consumption. This is accomplished by means of
alternating current and converters, both well understood, though, per-
haps, under other names.
All are familiar with the old Ruhmkorf coil, with its attendant battery

and interrupter. This coil converts low tension currents into high ten-
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sioD, whilst our more modern constructed coil converts high tension into
low tension, and instead of alternating a continuous battery current by
mechanical device, we directly produce currents of alternating or pulsa-
t°r3" type from our dynamo, a difference in degree and in construction
only, but not in theory and effect. This is why we use alternating dy-
namos for long distances, converting at the point of distribution. There
are systems which seek to reduce high tension currents into low tension
ones by means of continuous current apparatus, but such schemes ap-
parently will fail of commercial success on account of the great expense,
and the necessity of moving the machinery to points of conversion and
consumption.

While the alternate converter is apparently an inert mass of iron wire
and copper wire, with no movement to it that can ever be apparent to

our eyes, yet our mental eyes see it, a mass of rapidly vibrating mole-
cules always in a seeming hurry to get there, and yet never doing so,

whereby they greatly distinguish themselves from the enterprising mem-
bers of the Civil Engineers' Club, of Cleveland.

DISCUSSION.

After reading his paper, Mr. Possons made a blackboard diagram to

exhibit the method of burning incandescent lamps on the same circuit

from the arc machine by means of multiple series cut out.

Mr. Warner : In what does the difference between the high and low
tension consist ?

Mr. Possons : The difference between a high and low tension machine-
may be arranged entirely by the copper wire which we put upon this

machine. High tension machines are usually wound for a constant cur-
rent with a variable E. M. F. (electromotive force), due to the load put
upon the machine. As for instance, in the arc machine, each additional
lamp in the circuit requires 45 volt E. M. F. These high tension machines
are usually wound with a fine wire, while the low tension machines are
wound with a very much heavier wTire, the internal resistance of the in-

candescence machine, or low tension machine, being very small.
(In compliance with the request of a member, Mr. Possons drew

another diagram.) Mr. Possons (pointing to diagram): Suppose we
imagine this to represent an arc machine; these will represent the arc
lights. You notice that the current is continuous. It extends from one
binding post, wh'ch is the positive of the machine around the circuit, to
the other. Now, to burn incandescence lamps upon an arc circuit, we
loop in, as shown on the diagram, and run the incandescence lamps in a
loop, termed parallel circuit. With an ordinary 16 candle-power lamp
of 50 volts E. M. F. we can burn eight lamps in the loop. This loop takes
the place of one arc lamp. The resistance of these lamps is about 50
ohms each. Now, by burning in parallel, the resistance of these eight
lamps is about 6£ ohms.
You will also note from the diagram that the main spool is wound

with two thicknesses of wire ; the large wire, to carry the current, and
the fine wire coupled in parallel. All are familiar with the fact that a
certain portion of the current will go through the fine wire, due to the
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resistance of that fine wire. Now, we will suppose that one lamp breaks,

either through carelessness, or from natural causes. The resistance of

this loop is thereby increased, so that instead of measuring 6^ ohms it

now measures 71 ohms, so that in ordinary cases more current would

pass through this loop, thereby breaking, perhaps, the lamps contained

therein. To avoid this we have placed three lamps on the top of the M.

S. (Multiple Series) cut-out box. These are termed pilot lamps, and are

known as safety lamps. Now should more lamps break in this loop
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until the whole number (including the pilot lamps) should number
seven, the whole M. S. would be cut out of the circuit as will be shown
by a study of the diagram.

Mr. Walker : How is it that three pilot lamps will turn at once?

Mr. Possons answered this question by a black-board illustration, show-
ing that three pilot lamps are placed in parallel so that all must burn.

Mr. Walker: Your company puts on a little attachment for incan-

descence lamps in our office.

Mr. Possons: An automatic cut-out. This is constructed in the form
of a horseshoe magnet, so arranged that the armature is placed on the
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open end of the horseshoe. When the current from the machine runs
through the lamp the armature closes the circuit in one direction, while,

when^the lamp breaks from any cause the armature shifts, closing an-

other connection, which forces the current through a fine german silver

wire, this german silver wire absorbing the same current which the

incandescence lamp does when burning. It is assumed that a 50-volt

lamp absorbs about 1.2 amperes.

Mr. Walker: We had an attachment that would act when it should

not.

Mr. Possons: This was due to the want of proper adjustment on the

part of the attendant, and due to the fact that the lamps were high po-

tential lamps, and burning, of course, with a small amount of current,

the current being so small and the variation of the arc circuit being so

great that it was not regarded as automatic. We therefore recommend
50-volt lamps for M. S. cut-out work, and not 92-volt, as were formerly-

put in your works.

Mr. Walker: They are working satisfactorily now.
Mr. Possons: That is due to the fact that your 92-volt lamps have been

exchanged for 50-volt lamps.

Mr. W. R. Warner: With regard to lighting houses, I noticed in Chi-

cago that several large houses have gas engines.

Mr. Possons: As gas engines have recently been made. I think it is

practicable to run with them. Water power is considered superior to

anything else on account of its steadiness. There is nothing that appears

to answer the purpose as well. I have great hopes of the alternating

system for lighting houses.

Mr. Warner: How much light can be gained over enough gas to give

1,000 candle-power 100 hours ? How economical is it ?

Mr. Possons: I should estimate that the loss would be about 40 per

cent, from the engine to the light.

Mr. Warner: I have seen it stated that you can get as much light from
an incandescent as the gas would give.

Mr. Possons : The incandescence machines give from 83 to 85 per cent,

efficiency.

Mr. L. Herman : Might not the gas have considerably more heat en-

ergy than light-giving energy ?

Mr. Possons : I should assume that there must be some loss in the

light.

Mr. Herman : Gas produces a certain amount of heat as well as of

light. If we use gas in a gas engine we get the benefit of the heat en-

ergy and waste the light energy. Some gases give a great deal of heat

and no light at all. The gas generally manufactured in our cities con-

tains a great amount of heat ; it is better adapted for heating than for

lighting.

Prof. Morley: I have seen a gas engine driving a dynamo and supply-

ing incandescent lights. The gas consumed in the engine gave more
light in the incandescent lamps than if it had been burned in ordinary

burners. By burning gas in the cylinder of the engine, you can utilize

not only that portion of its energy that appears as light in the ordinary

gas flame, but also that portion that does not appear as light. If gas en-
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gines are improved, and if gas companies furnish us a cheaper gas to be

used as fuel in gas engines driving dynamo-electric machines, we may
well hope that in time the increase in the quantity of light thus pro-

duced will pay for the interest, depreciation and care of the machinery.

Mr. "Walker : Can Mr. Possons explain to us the arrangement of the

wire for running the electric railways ?

Mr. Possons: I have not made any particular examination of the meth-

ods. The Sprague Company use one overhead wire returning by the

track. They are also running a separate wire attached to the rails. To
insure good connection I should prefer two wires overhead . In the

Sprague system the positive current will go overhead. This is what is

called the parallel system, and is explained by this diagram. The wires

running overhead and suspended are held in place by wires running

across the street, the return circuit being through the rail and back to

the machine. With the parallel circuit the current goes from the ma-
chine through the motor and back to the machine. For the second car,

the current goes also from the machine through the second motor back

to the machine and so on. It, therefore, has a resistance of that part of

the circuit intervening between the machine and each motor. The
series system runs through the entire line and back to the machine, so

that the power absorbed is the resistance of the entire line, plus the pow-
er requisite for the propulsion of the car by the motor. It is conceded

that with the many motors run by the parallel system over ope circuit

the loss is very great, while in the series system, the entire less is as

great in one motor as in the whole series of motors. By this I mean
that the resistance in the line is the same in the series system, no mat-
ter how many are running.

Mr. Herman : The side connections made about every 500 feet in the

Sprague electric railway are a safety device. They carry the current

from the feeder to the central wire every 500 feet, so that if break should

occur it would only affect 500 feet of the line. The rest of the system
could be kept running even if there should be a break in any of the sec-

tions.

Mr. Warner : I wish Mr. Possons would make a sketch on the board of

the Jablochkoff candle.

Mr. Possons : We regard it as very much out of date now. This is ac-

cording to my recollection of it. (Makes diagram.)
It was two sticks of carbon placed side by side, and the space was filled

with plaster of Paris. A connection was made that enabled it to start,

the plaster of Paris was heated, and finally it recalcined of itself and fell

away. It did not come into general use. It was mainly used in Paris ;

it was also used in New York in the earlier days of electric lighting.

Mr. Whitelaw: Two or three years ago there was a project for utiliz-

ing the power of Niagara Falls foi electric lighting at Buffalo.

Mr. Possons: The principal difficulty is the vast amount of capital it

would require to run a sufficiently large wire without too much loss from
the power; perhaps with a f inch conductor the loss would not be so

great. We figure generally that about two miles of number 8 wire
is equivalent to about 4| ohms, or one arc lamp. I think it would re-

quire about an inch v, ire and the loss then would be wonderful. If
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partie3 are willing to spend the money for the plant, they would, no
doubt, get a great deal of power, and very steady power, but it would be

cheaper to build the manufactory somewhere else.

We know nothing that is a perfect insulator nor a perfect conductor ;

we get the best we can. We have recently completed for the Hayward
& Hobart Co.. Virginia City, Nevada, a motor plant, probably the

largest in the world. They have a mine 1.500 feet under ground—1,500

feet water pressure. There is little wood and less coal in the neighbor-

hood. We made a special generator and attached to this a Pelton water
wheel. This wheel had a capacity of about 125 horse-power, and from
the depth of this mine, 1,500 feet under ground, they ran wires and
transmitted the energy through these wires to an SO horse-power motor
placed at the outside of the mine. The efficiency of this motor was fully

90 per cent., and the variation in speed from no load to full load was
about 3 per cent. I understand these motors are now working very

satisfactorily.

Mr. Whitelaw: I have understood that the electric spark will not

ignite natural gas.

Mr. Possons: That is the case, but it will ignite illuminating gas.

Mr. Whitelaw: Some of the workmen in the tunnel said that it was
the electric spark that caused the explosion. I made inquiries and
found that the current had ignited the insulator, and frorn that the gas

was ignited.

Prof. Morley: I have ignited natural gas from the electric spark many
times. Coal gas contains a large quantity of hydrogen, which ignites at

a low temperature, and so even a feeble electric spark is sufficient. Nat-

ural gas contains but little hydrogen and you have to get a degree of

heat sufficient to ignite marsh gas before you can light natural gas; still

it can be done.

Mr. Whitelaw: Electricity is now used in fusing and welding metals.

Mr. Possons: That is done very successfully. It is hardly possible to

refer to all the uses of electricity in one paper.

Prof. Morley: I understand that they propose to produce currents of

20,000 amperes.

Mr. Possons: I believe that is proposed.

Mr. Force: I saw in Brooklyn, lately, seamless steam boilers welded
with gas; the boilers were complete without a rivet.

Mr. Possons: Is not that done without destroying the fibre of the iron

Mr. Herman: Yes, sir.
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BOSTON SOCIETY OF CIVIL ENGINEERS.

February 20, 1889:—A regular meeting was held at the Society's room, Bos-

ton & Albany Railroad Station, Boston, at 19:30 o'clock, President FitzGerald in

the chair. Sixty-four Members and fourteen visitors present.

The record of last meeting was read and approved.

Mr. William O. Webber was elected a Member of the Society.

The following were proposed for membership

:

T. T. Hunter Harwood, Rockport, Mass., recommended by Sophus Haagensen
and E. P. Adams: Charles W. Howland, Rockland, Mass., recommended by E

.

L. Brown and C. W. S. Seymour, and George A. Wetherbee, Maiden, Mass.,

recommended by N. H. Crafts and S. E. Tinkham.

On motion of Mr. Manley, it was voted that a committee of three be chosen by
nomination at large to present a list of candidates for officers of the Society for

the ensuing year, three names to be presented for each office, and that the Com-
mittee be requested to report its nominations with the notices of the annual meet-
ing. The following were chosen as that Committee : H. Bissell, H. L. Eaton and
F. L. Fuller.

The President, for the Government of the Society, reported its recommendation
that the letter from the Engineers' Club of Kansas City, in relation to the transfer

of Members, be referred to the Committee on the Revision of the Constitution. On
motion of Mr. Brooks the recommendation was adopted.

On motion of Mr. Howe, the Secretary was requested to convey to the Ameri-
can Watch Company the thanks of the Society for the courtesies shown the Mem-
bers of the Society on the occasion of the visit to Waltham.
The President announced the death of Samuel M. Felton, an honorary member

of the Society, which occurred on Januarj- 24, 1889; also that of Edward S. Phil-
brick, a past vice-president, which occurred on February 13, 1889, and spoke
briefly of the life of each

.

On motion of Mr. Manley, the President was requested to appoint a committee to
prepare a memoir of Mr. Felton. The President named as the committee Charles
Harris and Thomas Doane.

On motion of Mr. McClintock it was voted that the President and two other
Members, to be selected by him, be a committee to prepare a memoir of Mr. Phil-
brick. The Committee as selected consists of Desmond FitzGerald, Albeit H.
Howland and Walter Shepard.

The Secretary presented on behalf of the several donors portraits of the first

three presidents of the Society. The portrait of the first president of the Society
James F. Baldwin, is a photographic reproduction of an oil painting in the po-
session of the Massachusetts Historical Society, and is the gift of a number of the
members of the Society,who have in addition given the frames for all three of the
portraits. The portrait of the second president, George M. Dexter, is the gift of
his daughter, Mrs. James J. Storrow, of Boston, and is the copy of a beautiful
crayon drawing by Rowse. The portrait of the third president, Simeon Borden
is the individual gift of our present president, and what adds greatly to its value
for the Society is the fact that it is the work of his own hand.
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Mr. Thomas Doane gave a short account of the life of Mr. Baldwin, and the

Secretary read the following short sketch of the life of Mr. Dexter, prepared by
Mr. George L. Vose.

George Minot Dexter was bora in Boston, November 15, 1802, and died in

Brookline, November 26, 1872. His father was Dr. Aaron Dexter, who gradu-

ated from Harvard College in the class of 1776, and was a physician in Boston

and Professor of Materia Medica in Harvard University. His mother was Re-
becca Amory, daughter of Thomas Amory, a prominent merchant in Boston. Mr.
Dexter entered Harvard College with the class of 1821, but did not graduate. He
married a daughter of Thomas C. Amory, of Boston, and lived in this city until

1855, when he removed to Longwood, in Brookline.

Mr. Cbas. S. Storrow, who had a long and close acquaintance with Mr. Dexter,

sends me the following in regard to him :
" My first intimacy with Mr. Dexter,

although I had very slightly known him before, was ia Paris, in the year 1830,

where I was studying engineering and he was residing for the benefit of his

health, which was very delicate. He was at that time interested in engineering

matters, which we often discussed, but much more in architecture, for which he

had an especial liking. He was not connected, however, as far as I remember,
with any institution giving instruction in that branch. He returned to Boston, I

think, in the year 1831, and entered as a pupil the office of Col. Loammi Baldwin,

the eminent engineer, then engaged in the construction of the dry docks at the

Charlestown and Norfolk navy yards. In that connection he had the use of Col.

Baldwin's magnificent library of engineering works, together with familiar inter-

course with him, the most genial of men, and an opportunity to copy or draw
plans, and watch the various operations connected with the construction of

those great works. About the year 1834 he came, as one of the assistant engi-

neers, into the service of the Boston & Lowell Railroad, which was then being

constructed by Col. James F. Baldwin as chief engineer, in which service I had

myself been engaged as an assistant for some years previous. Upon the completion

of the work in the summer of 1835 he was appointed superintendent and general

manager of the business of the road, which office he retained until the spring of

1836, when he relinquished it at the suggestion of Mr. Patrick T. Jackson to en-

gage in the planning and building of houses and stores upon the Gardner Green es-

tate, then graded and laid out as Pemberton Square. From this time forward I

think he devoted himself almost entirely to architectural pursuits, planning and

erecting houses, stores and public buildings, being, however, at the same time

connected with the construction of some other New England railroads and super

intending: various improvements in the Jamaica Pond water-works, the infant pre

decessor of the Cochituate."

Mr. Dexter was for many years closely connected with the affairs of Trinity

Church, being at the time of his death the Senior "Warden. After the burning of

the church in Summer street he worked very hard superintending the removal of

the bodies from the vaults beneath that building to Mt. Auburn: and, having

been much exposed, caught a bad cold, which resulted in a few days in congestion

of the lungs, which caused his death

.

Mr. Dexter's private character was one of great purity, unselfishness and attract-

iveness. No one ever came in contact with him without feeling the better for it.

His religion was not confined to one day in the week, but was of the practical

kind that made itself constantly felt in all of his intercourse with others through a

long and useful life.

The Secretary also read the following account of Mr. Borden's life:

Simeon Borden, the third President of the Boston Society of Civil Engineers,

was the oldest son of Simeon and Amy Briggs Borden, having been born at Fall

River, June 29, 1798. His early life was spent in attendance upon the district

school, which at that time could do but little toward furnishing the elements of a
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good education. He soon evinced a strong desire to engage in a more agreeable

employment than the ordinary routine of a farmer's life, and, accordingly, sought

to enlarge the circle of his ideas by reading and the study of geometry and
mathematics. A library was established in the neighborhood, in which he was
deeply interested.

New views, new thoughts and new feelings sprang up together, urging him to

press further and further on in the pursuit of knowledge, until he had attained

by his own industry a high position among the scientific men of his day.

His first practical attempts were in land surveying. Finding the compass then

in use so imperfect that nothing like an accurate survey could be made, he devised

one for himself which gave much better results. In 1828, he took charge of the

Pocasset Machine Shop in Fall River, and there in 1830 constructed a measuring

rod for the State of Massachusetts with which to lay off the base line of the State

survey, then just begun. The apparatus was 50 feet long, inclosed in a tube, and
so constructed as to remain of an invariable length in all temperatures. It was
the most accurate and convenient instrument of the kind extant, and has since

been surpassed only by that of the United States Coast Survey. It was a most
difficult piece of work, as nothing of the kind had ever been made before. Forced

therefore to rely wholly upon his own resources, by repeated experiments and many
computations he at last found his work crowned with success.

Mr. Borden was appointed one of the engineers to carry on the triangulation of

the State, and in 1834 was made chief of the corps. With limited means and
imperfect instruments Mr. Borden's genius, resources and patience were taxed to

the utmost, but the correctness of his work has been satisfactorily tested again

and again since the completion and publication of the results of the work.

Mr. Borden was subsequently employed to run the boundary line between Mas-

sachusetts and Rhode Island, as settled by the Supreme Court of the United States

in 1844 ; in the survey for the Cape Cod Railroad, and others in Maine and New
Hampshire, and in 1851 accomplished a difficult feat by suspending a. telegraph

wire across the Hudson River, a distance of more than a mile, upon masts 2S0 feet

high. In 1851 he published a volume entitled, " A System of Useful Formulae
adapted to the Practical Operations of Locating and Constructing Railroads."

He was also called upon as an expert witness in the trial of cases relating to

mechanical inventions. For this work he was eminently qualified.

At the time of his death, October 28, 1856, he was President of this Society and
a member of the American Philosophical Society, American Academy of Arts

and Sciences, and other societies of a similar nature. In his private life he was a
model of integrity and honor.

On motion of Mr. Herschel, the Secretary was requested to express to Mrs.
James J. Storrow the thanks of the Society for her gift.

On motion of Mr. Doane, the Secretary was also instructed to convey to Presi-

dent FitzGerald the thanks of the Society for his generous gift.

Mr. Henry Manley opened the discussion of the evening with a paper on "Rapid
Transit in Boston." Mr. Albert H. Howland followed with a paper on the same
subject. In the general discussion the following Members took part: C. F. Allen,

F. Brooks, Clarke, Doane, Herschel, E. W. Howe, Oliver, C. H. Parker, Plimpton,

L. F. Rice and others.

[Adjourned.] S. E. Tinkham, Secretary.

ANNUAL, DINNER.

March 6, 1889 :—The seventh annual dinner of the Boston Society of Civil En-
gineers took place at Young's Hotel, Boston, Wednesday, March 6. An informal

reception was held at five o'clock, and at six o'clock Members and their guests^to

the number of 99 sat dowD to dinner.
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The cover of the menu was designed by one of the Members, Professor Burton,
and represented the target of a Boston leveling rod, with sketches of local public

works in its four sections.

President Desmond FitzGerald sat at the head of the table, having on either

hand as the guests of the Society, President Charles W. Eliot, of Harvard Uni-
versity; Mr. William P. Shinn, representing the American Society of Civil

Engineers; Prof. Thomas M. Drown, representing the American Institute of

Mining Engineers; Col. Samuel M. Mansfield, Corps of Engineers, U. S. A.;

Lieutenant-Commander Joseph G. Eaton, U. S. N., and Mr. Hiram Nevons,

President New England Water-Works Association.

President FitzGerald in calling the Members to order, after ample justice had
been done to the excellent bill of fare, spoke briefly of the history of the Society,

and congratulated the members upon its growth during the past year. He
extended a cordial greeting to the larger, though younger, sister engineering

societies of the country, and introduced Mr. Shinn, of the American Society of

Civil Engineers. Mr. Shinn expressed the cordial feelings entertained by the

American Society toward the local societies, and spoke of the large and extended

membership of that Society and of its efforts to improve the standing of the pro-

fession.

Professor Drown responded for the mining engineers. He showed how largely

the civil was indebted to the mining engineer for the materials for his structures,

and hoped, in order that harmony might prevail between the two professions, that

the civils would be content with such physical tests as they might make on the ma.
terials furnished by the metallurgists, and not embarrass the latter by specifying

too minutely the chemical proportions that shall enter into the compositions.

President Eliot spoke of the antiquity of the engineer's profession, and closed

with an earnest appeal for permanency and beauty in the structures erected.

Colonel Mansfield gave an account of the organization of the United States Engi-

neers Corps and of the work it was called upon to perform.

Lieut. Commander Eaton spoke of the ordnance work of the Government and
of the improved methods and quality of materials now used.

Past President Pice alluded to the difficulties encountered by the engineer in

making his structures as beautiful and as permanent as he desired, and to the

fact that too often it was the simple question of doing the work in a rude and
temporary way or of not doing it at all.

Mr. Leavitt spoke for the mechanical engineer, and gave a very interesting ac-

count of some of the large iron and steel manufactories abroad, and Mr. Eliot

Holbrook responded for the railroad engineer. The other speakers upon whom
the President called were: Messrs. Billings, Brooks,; Cheney, Ellis, E. W. Howe,
H. M. Howe, Manley, McClintock, Swain, Tidd and Tilden.

S. E.'.Tinkham, Secretary.

ANNUAL MEETING.

March 20, 1889 :—The annual meeting of the Boston Society of Civil Engi-

neers was held at its room, Boston & Albany Railroad Station, Boston, at 19

o'clock. ; President FitzGerald in the chair. Seventy -four Members and twelve

visitors present.

The record of the last meeting was read and approved.

Messrs. T. T. Hunter Harwood, Charles W. Howland and George A. Wetherbee

were elected Members of the Society.

The following were proposed for membership : William C. Boyce, Worcester,

Mass. , recommended by L. A. Taylor and Richard Forbes ; Edmund Grover, East

Walpole, Mass., recommended by F. P. Spalding and G. A. Nelson ; Francis E.

Hosmer, Boston, recommended by Henry Manley and E. W. Howe, and Frank B
Rowell, Lynn, Mass., recommended by H. Bissell and J. P. Snow.
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The President announced the death of William S. Barbour, a Member of the

Society, which occurred February 24, 1889, and on motion of Mr. Stearns, the

President was requested to appoint a committee to prepare a memoir. The Presi-

dent named as that committee Messrs. George A. Kimball, Albert F. Noyes and

George E. Evans.

The Secretary presented and read the report of the Committee on Weights and
Measures. The report was accepted and ordered to be printed.

Mr. Mc.Clintock, for the Committee on National Public Works, submitted a

verbal report, and asked for further time in which ti present the written report.

On motion of Mr. Manley it was voted to continue the Committee for another year

as now constituted.

Mr. Howe presented and read the report of the Committee on Excursions. The
report was accepted and ordered to be printed.

Mr. Woods presented and read the report of the Committee on Library. The
report was accepted and ordered to be printed.

Mr. Stearns presented and read the report of the Committee on Revision of the

Constitution. On motion of Mr. Rice, the report was accepted, and the Commit-
tee continued as now constituted.

Mr. Cheney, for the Committee on Highway Bridges, and Mr. Doane, for the

Committee on Common Headquarters, submitted verbal reports asking for further

time. It was voted to continue both Committees as now constituted.

The Secretary read the annual report of the Government of the Society. The
report was accepted and ordered to be printed.

The Treasurer submitted his annual report, approved by the Auditor. The re-

port was accepted, and an abstract ordered to be printed.

On motion of Mr. Brooks it was voted that the special committees on Weights
and Measures, on Excursions, and on the Library, be continued, and that the

membership of the same be left with the Government with full power.

On motion of Mr. Manley an assessment of $6 was levied on all Members of the

Society.

On motion of Mr. Howe, the Secretary was requested to convey the thanks of

the Society to the Thomson-Houston Electric Company and the Thomson Electric

Welding Company, for courtesies shown the Members on the occasion of the visit

to Lynn.

On motion of Mr. Rice, it was voted that the thanks of the Society be expressed

to Mrs. Edward S. Philbrick for her generous gift to the library.

The Society then proceeded to the election of officers for the ensuing year, with

the following result:

President, Desmond FitzGerald.

Vice-President, John R. Freeman (third ballot).

Secretary, S. Everett Tinkham.
Treasurer, Henry Manley.

Librarian, Frank W. Hodgdon (fourth ballot).

Member Board of Managers, Winfield S. Chaplin.

President Desmond FitzGerald then delivered the annual address, which was
very fully illustrated by lantern views.

(Adjourned.) S. E. Tinkham, Secretary.

ANNUAL REPORT OF THE GOVERNMENT OF THE BOSTON SOCIETY OF CIVIL

ENGINEERS.

In accordance with the requirements of the constitution the Government sub-
mits the following report on the affairs of the Society :

The past year has been one of marked prosperity. A larger number of names
has been added to our list of Members than in any former year, the attendance at
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the meetings ha* been greater and the social gatherings have been made a more
prominent feature than ever before. Your Treasurer's report shows a net gain of

$411.99 to the funds of the Society. The report of the Librarian shows an addi-

tion to the list of books in the library of 425 numbers.

At our last annual meeting the total membership was 193, 5 honorary and 188

active Members. During the year now ended there have been 4 deaths, 2 resigna"

tions and 5 names dropped from the list, making a total loss of 11. There have

been aided 37 new Members, making a net gain of 26. Our present list comprises

4 honorary and 215 active Members, a total of 219.

During the year ten regular meetings have been held, and the annual dinner this

year was made a separate gathering. At the ten regular meetings, the attendance

has aggregated 700, of whom 556 were Members and 144 were visitors. The
smallest attendance at any meeting was 48, and the largest 114, the average be-

ing 70, an increase of 43% per cent, over last year. The attendance at the annual

dinner was 99.

Papers have been presented at all of the regular meetings, as shown on the fol-

lowing list:

April Meeting:—Method and Apparatus Used in the Test of Water Meters in

Boston, by L. F. Rice; Notes on the Water Meter System of Providence, by

E. B. Weston.

May Meeting :—Construction and Ventilation of Small Pipe Sewers, by W. E.

McClintock. Written discussions on the same subject by members and others.

June Meeting :—Description of the Quiucy Dam, by L. A. Taylor ; Description

of the Lawrence Dam, by R. A. Hale: Description of the Stony Brook Dam, by
W. S. Barbour, which was illustrated by lantern views; An Account of the

Wooden Dams Built by the Schuylkill & Susquehanna Navigation Company, by
Edwin F. Smith; Percolation Through Embankments, by John R. Freeman ;

Descriptions of the Embankments Constructed at Chestnut Hill and Parker Hill

Reservoirs, by W. F. Learned.

September Meeting:—Removal of Roof Water, by Dwight Porter; House
Drainage, by J. Pickering Putnam.

October Meeting:—Construction of Farm Pond Conduit, by H. H. Carter; Test-

ing a Barrenburg Rotary Pump, by R. A. Hale; A Paper en Time Reform, by
Fred. Brooks.

November Meeting:—Memoir of Henry F. Walling, by a Committee of the So-

ciety ; Flushing Tunnel at Milwaukee, Wis., by J, D. Mason; Description of the

New Croton Aqueduct, by Alphonse Fteley, which was illustrated by lantern

views.

December Meeting:—Stadia Work, by J. R. Freeman, and discussion on meth-

ods for topographical work.

January Meeting:—Duty Trials for Pumping Engines, by G. H. Barrus.

February Meeting:—Rapid Transit in Boston, two papers, by Henry Manley and

Albert H. Howiand.

In furtherance of the second object of our organization, the encouragement of

the social intercourse among the Members the year just past has been unquestion-

ably most successful.
,

Through the diligence and skill of the Excursion Committee, nine excursions have

been made during the year to works of professional interest, and the large number
of Members who have attended shows conclusively how pleasant and profitable has

been this part of our year's work.

During the year, through the liberality of a number of the Members and friends

of the Society, there have been hung upon the walls of our room excellent portraits

of the first three presidents of the Society, James F. Baldwin, George M. Dexter

and Simeon Borden.

It is our sad duty to record the deaths of four of our Members since the last
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annual meeting : Samuel M. Felton, an Honorary Member, died January 24,

1SS9. Edward S. Philbrick, a Past Vice-President, died February 13, 1889.

Henry F. Walling died April 8, 1888, and William S. Barbour died February

24, 1889.

Three new special committees have been appointed during the year, one to con-

sider if any changes are advisable in our Constitution and By-Laws, another to

confer with other scientific societies in Boston on the practicability of occupying

common headquarters, and a third to consider what steps can be taken to improve

the condition of our highway bridges.

As the Government has submitted from time to time such recommendations as

it had deemed advisable, at this time it has but the single recommendation to

make, that the usual annual assessment of $6 be levied upon all Members not

exempted therefrom by the Constitution.

Respectfully submitted,

Desmond FitzGerald, President.

F. P. Stearns, Vice-President.

S. E. Tinkham, Secretary.

Henry Manley, Treasurer.

Boston, March 20, 1889. H. D. Woods, Librarian.

ABSTRACT OF TREASURER'S REPORT FOR THE FINANCIAL YEAR, 1888-89.

Receipts.

Cash at beginning of year $111.31
Non-resident dues, current year 64.00
Non-resident dues, coming year 140.00
Assessment levied March 21, 1888 882.00
Journal for new Members 73.75
From a Member 4.00
Interest on deposits , 12.78
Sales of Journal : 3.25

$1,291.09
Expenditures.

For Journal $648.50
Binding 19.35
Periodicals 41.39
Printing 151.25
Postage and stationery 67.55
Annual dinner 44.50
Secretary's salary 100.00
Expense of meetings, repairs, etc 43.75
Cash on deposit 174.80

$1,291.09
PERMANENT FUND.

Receipts.

On hand at beginningof year 972.56
Admission fees 366.00
Interest and dividends 122.00

$1,460.56
Expenditures.

Nine shares O, B. & Q. R.R. stock $1,039.50
Cash on deposit 421.06

$1,460.56
Schedule of the Property of the Society in the Hands of the Treasurer,

March 20, 1889.

One Republican Valley Railroad bond, par $600.00
One A., T. & S. Fe Railroad " plain 5 " bond, par 1,000.00
Nine shares C, B. & Q. stock 900.00
Cash on deposit 595.86

a , . . , . $3,095.86
Schedule last year 2,683.87

Net gain $411.99

Henry Manley, Treasurer.



224 ASSOCIATION OF ENGINEERING SOCIETIES.

REPORT OF THE COMMITTEE ON WEIGHTS AND MEASURES.

To the Boston Society of Civil Engineers :

In accordance with custom, your Committee on Weights and Measures respect-

fully presents its annual report, as follows:

Your Committee is not informed that any radical change in the use of weights

and measures has occurred during the past year.

The International Congress.

President Harrison will probably soon appoint ten delegates to the Commercial
Congress, to convene in Washington on October 2, of this year, at which repre-

sentatives from the Republics of Mexico, Central America, South America, Hayti,

San Domingo and the Empire of Brazil have been invited to be present. This

Congress was provided for by the Act of Congress of May 24, 1888, but the Com-
missioners weie not appointed by President Cleveland.

The conference is to consider measures to preserve the peace and promote the

prosperity of the several American States ; the formation of an American customs

union; the establishment of regular and frequent communication between the ports

of the several States; the adoption of a uniform system of weights and measures

and international patent and copyright laws; the adoption of a common silver

coin, and an agreement upon and recommendation for adoption to their respect-

ive goverments of a definite plan of arbitration of all questions, disputes, or dif-

ferences, to the end that they may be peaceably settled and wars prevented.

The deliberations of the Congress regarding the adoption of a uniform system

of weights and measures will tend strongly towards the adoption of the metric

system, since each government is to have a single vote, and nearly if not quite all

the nations south of the United States already use the metric system for customs

and other official business, and the use of this system is already legal in the

United States.

The New England Railroad Club.

At the January meeting of the New England Railroad Club the subject of the

metric system was discussed and the following resolution was adopted, fiz.:

" That the New England Railroad Club recommend that the Executive Commit-

tee of the Master Car-Builders' Association appoint a committee on the metric

system of weights and measures, to report at the next annual meeting of the

Association."

The passage of this resolution has occasioned much discussion in technical

journals.

The National Association of Builders.

At the third annual convention of the National Association of Builders of the

United States, held at Philadelphia, in February, Prof. George Eastburn read a

paper entitled " The Metric System," and a committee was appointed to take

into consideration the absurdities of the present system of weights and measures.

The Metric System, in Germany.

The report of the Committee on the Metric System, of the Western Association

of Architects, contains the following letter from Mr. D. Adler, of that Associa-

tion, regarding the introduction of the metric system in Germany

:

" Chicago, November 15, 1888.

"N. S. Patton, Esq., Chairman, etc.:

" My Dear Sir: In obedience to the promise madeyou, I made inquiries during

my stay in Germany lasc summer as to the difficulties encountered in the intro

duction of the metric system in that country. These inquiries were directed par-

ticularly to two points : First, whether there were any serious inconveniences and
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disturbances incidental to its first introduction; i. c, whether at first it had been

found difficult, to those accustomed to the use of the old system, to think and ex*

press their thoughts and knowledge under the new system. The other point was

whether any inconveniences resulted from the decimal division and its failure to

lend itself readily to a division into halves, quarters, etc. Upon both of these

points the answers received from architects, manufacturers, engineers, and mer*

chants whom I consulted, were favorable to the metric system. I was told that

comparatively few errors were made in the earlier days of its use ; that even the

older people, who had grown gray in the use of the old system, had found no

serious difficulty in adapting themselves to the new weights and measures, and

that these older persons appeared to prize the new system more highly than the

younger people who had never known the intricacies and difficulties of the old

systems of weights and measures.
" As to the second point, I found some difference of opinion, but there was a

great preponderance of evidence tc the effect that no inconveniences had resulted

from the necessity for calling a half five-tenths, or a quarter twenty-five nun-

dreths, etc.

" On the whole, all united in the statement that had the difficulties incidental

to the introduction of the metric system been ten times as great as they were

really found to be, the resultant advantages would have much more than out-

weighed them, and that for no consideration would they wish to return to the old

system. (Signed) D. Adler."

The International Bureau.

Your Committee regrets to report the recent death of Dr. O. J. Broch at Paris,

February 5, 1889, at the age of 71 years. Dr. Broch has been identified for many
years with the higher branches of physics and metrology, and has been for several

years Director of the International Bureau of Weights and Measures at Paris.

This Bureau was established in 1875 by a convention entered into by sixteen

States of the old and new worlds, of which this country was one. The principal

aim of this institution is to preserve and perpetuate for all these States true units of

metric weight and measure, by furnishing them standards of weight and of length

which shall be as nearly as possible identical in material and construction, and
whose weight or length shall have been rigorously established with reference to

international prototypes of the meter and kilogram, of which the Bureau has ex-

clusive charge. Respectfully submitted,

Charles H. Swan, Chairman,
Boston, March 20, 1889. for the Committee.

REPORT OF COMMITTEE ON EXCURSIONS.

Boston, March 20, 1889.
To the Boston Society of Civil Engineers :

The Committee on Excursions submit the following report on the matter placed

under their direction during the past year.

The Committee have endeavored to arrange for an excursion to some place of

engineering interest upon the afternoon of the day of each regular meeting of the

Society. This plan has been carried out except upon two occasions. The Committee,

consisting entirely of new members, was unable to meet together for organization

in season to arrange for an excursion upon the day of the April meeting, and upon
the day of the January meeting the annual meeting of the American Society of

Civil Engineers was held in New York, and there was also a meeting of the New
England Water-"Works Association in Boston ; so many Members being in attend-

ance upon these meetings it was thought best to omit the usual visit. There have
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been eight of these monthly excursions, of which the following is a statement of the

dates, the places visited and the number present :

Number
date. place visited. present.

May 16, 1888. . .The Chadwick Lead Works and Boston Heating Co.'s Works. 40
June 20, 1888. . .The Boston Marine Park Pier 20

(It was rainy in the early part of the afternoon, which was prob-
ably the reason of the small number present.!

Sept. 19, 1888 ... The Boston Stony Brook Improvement 29

(Another rainy afternoon.)
Oct. 17, 1888. . .Harvard Bridge 32
Nov. 21, 1888... Boston & Maine R. R. bridge across the Merrimack River at

Newburyport 48
Dec. 19* 1888 . . . Electric R. R. of the West End Street R. R. Co 70
Feb. 20, 1889. . .American Watch Co.'s factory at Waltham 55
Mar. 20, 1889. .. Thomson-Hoiiston Electric Co.'s factory at Lynn 42

Average attendance 42

In addition to the above, which ma3r be called the regular monthly excursions,

there took place on August 25, 26 and 27 what has come to be named " the an-

nual excursion " of the Society.

The Members with their ladies, the whole party numbering 52, left Boston via

the Providence Division of the Old Colony R. R. , at 8 o'clock, August 25, and
arrivei at Providence at 9:35, where a part of the day was spent in visiting vari-

ous public works ; at 15 o'clock the party left Providence for Rocky Point by
steamer. After enjoying a Rhode Island Clam-Bake, the sail down the bay was
continued, and at 19:30 Newport was reached. Carriages were taken for the

Ocean House, where the party had its headquarters during the stay at Newport.

On the 26th, the Ocean Drive was taken and also the Cliff Walk. In the even-

ing most of the party attended the concert at the Casino. On the 27th. a visit was
made to Fort Adams, the Old Mill, Redwood Library, Torpedo Station and the

United States Training Ship. The party left Newport at 17:15 for Boston via

the Old Colony R. R., arriving at Boston at 19:50 o'clock.

This was one of the most enjoyable excursions that has been taken by the Society,

the weather being delightful and nothing occurring to interfere with the enjoy-

ment of those present.

The Committee think that there can now be no question but that all of these

excursions have been of great benefit to the Society, both professionally and so-

cially, and they trust tint the custom, now well established, will be continued.

In closing, the Committee wish to thank the Members of the Society individ

ually for their assistance in finding places of interest to visit.

E. W. Howe, 1

F. L. Fuller,
|

Committee
E. L. Brown, on
Waterman Stone, | Excursions.
James A. Tilden, J

report of the committee on library.

Boston, March 20, 1889.
To the Boston Society of Civil Engineers:

During the past year some 425 accessions have been made to the library,

including 12 volumes of periodicals and 14 volumes of society transactions, which
have been bound

.

For the greater part of the year, the additions have been mostly exchanges and

the United States Government reports. A few of the members, in sending out

their annual reports on public works, have remembered us, but there have not

been as many contributions as might be expected. Mr. Arthur D. Marble, how-
ever, has presented the society wi'h a full set of 40 reports on the Water-
Works, Spicket River Improvement and City Engineer's Depart ment ©

Lawrence.
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The walls of our room have received two or three new views of engineering

structures and tbree fine portraits of the first presidents of the Society.

Through the efforts of Mr. Albert H. HowJand the Society has been presented

by Mrs. Philbrick with quite a number of books from the library of our late asso"

ciate, Edward S. Philbrick. At ber request, I had the pleasure of looking over a
portion of this library and picking out all the books and pamphlets of a nature to

be of value to our library. From this source we have made an addition of seme

80 volumes of bound and unbound books, and about 90 pamphlets.

A new feature this year has been the donation of numerous photographs of pub-

lic works, some of which have been bound in a form for safe preservation and
easy reference. The question of photography is fast becoming more and more in

use on works of construction, and I think it is very desirable to form as large and

varied a collection of these as possible. Many of our members practice this art

themselves, both on their own works and on those which they have occasion to

visit. We would recommend to all to follow the example of Mr. Sidney Smith,

who has presented to the Society a set of some eighty views taken by himselt dur

ing the progress of the construction on the Stony .brook improvement. We can

thus easily form a very valuable collection for future reference.

The loose papers of the Transactions of the Institute of Mining Engineers, which

are sent out before the annual volume is published, have been sorted out and placed

in binders by subjects, so as to be more convenient for perusual.

The library is fast growing beyond its present shelving capacity, and the older

works have had to be stored to make room for the more recent publications. This

emphasizes the importance of the work of our Committee on Permanent Quarters.

We hope soon to see the day when the Society can control several rooms, with a

special one for the library, where we can have some one in constant attendance;

this would greatly facilitate and increase the usefulness of the collections we are

now accumulating. Then it will be possible for Members who have not at their

disposal proper accommodations, to deposit with the Society such books and
pictures as are not in constant use, but with which they do not wish to part; they

wouM there be at all times at the disposal of the owners, and their fellow Members
could also profit by them.

The library now contains:

620 bound volumes, including 225 volumes periodicals and 133 volumes Society

transactions.

902 unbound volumes and pamphlets.

15 framed views and portraits.

Respectfully submitted, H. D. Woods, Librarian,

Chairman of the Committee.

ENGINEERS' CLUB OF ST. LOUIS.

February 20, 1889:—302d Meeting—The club met at Washington University,

at 8:25 p. ii , Vice-President Nipher in the chair; twenty-seven Members and six

visitors present. The minutes of the 301st meeting were read and approved. Th e

Executive Committee reported the doings of its sixty-fifth meeting, recommending
the following applicants for election to membership: Whitfield Farnham, E. L„

Goltstein, Frank S. Ingoldsby and R. R. Phillips. They were balloted for and
elected unanimously.

Proposals for membership were announced from the following parties : A. L.

Johnson, Assistant Engineer of the Merchants' Bridge ; Herman Krutzsch, Man
ager St. Louis Iron and Machine Works ; Fred. E. Siebenmann, steam engineer.

These were referred to the Executive Committee. The Secretary announced tha

Henry Groneman, N. Johnson and E. E. Wall had qualified as members.
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Mr. Russell, Chairman of the Special Committee on Closer Uuiou ot Engineering

Soci ties, made a progress report asking for further time, which was granted. It

was the intention of the Committee to submit an amendment to the articles of

agreement among the clubs of the Association, providing for united action on such

questions as might be brought before the Association. The Executive Committee
also submitted a special report on transfer of membership, which was laid on the

table awaiting the complete report of the Committee on Closer Union.

Professor Johnson, of the Committee on Highway Bridges, reported that in con-

junction with the committee from the Kansas City Club a revised bill had been

submitted to the legislature. Prof. Johnson then read a paper on " Cast Iron
;

Strength, Resilience, Tests and Specifications." The paper was very interesting

and was illustrated by drawings and formulae. The author had devoted a great

deal of time and study to the investigation of this question and had made numer-
ous experiments in the Washington University Testing Laboratory. He showed
that the tensile strength varied from 17,000 to 35,000 pounds per square inch,

and that from 20,000 to 25,000 pounds tensile strength should be required. He
showed that experience did not bear out the commonly accepted theory, that the

outside portion of a casting was stronger than the inside. In the author's opinion

the resilience or the ability of the casting to withstand shocks was by far its most

important characteristic. He showed that repeated shocks resulted in a loss of

resilience and that the Heisler testing machine, which is in use in the East, was
open to objection on this score. Messrs. Russell, Bouton and Wheeler took part

in the discussion.

The Secretary then read a brief discussion by Wm. B. Knight of Professor

Johnson's paper on cable yokes. The author gave some data from Kansas City

cable roads, showing that the strength of the yokes did not affect the slot closure.

In some places it had been found necessary to break the yoke in two at the bot-

tom, which had caused no bad results. He even thought that a good road could

be built without yokes. In the discussion Mr. Thos. McMath stated that at all the

cable crossings of the Citizens' road, in this city, the yokes had been separated

without trouble. It was also stated that this was not an unfrequent occurrence.

Professor Johnson stated that the gentlemen deserved credit for the courage of

their convictions, and suggested that if some one would go a step further and build

a cable road without yokes it would settle the matter. Mr. Bouton stated that

the continued closure of slot might be due to action of frost on the concrete tube,

and the accumulation of dirt between it and the soil, which prevented its recover,

ing its original position.

[Adjowned.] Wm. H. Bryan, Secretary.

March 6, 1889:—303d Meeting.—The Club met in the Polytechnic Building at

8:25 P.M., thirty-one Members and five visitors present. In the absence of

the President and Vice-President, the meeting was called to order by the Secre-

tary, and Mr. Robert Moore was elected temporary chairman. The minutes of

the 302d meeting were read and approved as corrected. President Meier having

appeared, took the chair. An application for membership was announced from
Mr. Otis Ellis Hovey, instructor in Department of Civil Engineering, Washington

University, indorsed by Prof. J. B. Johnson and Mr. H. A. Wheeler. The Sec.

retary annouuced that E. L. Goltstein, P. B. Ingoldsby and R. H. Phillips had
qualified as Members.

Mr. Robert Moore, Chairman on the Committee on Permanent Quarters for the

Club, reported that offers were under consideration from the Mercantile Library,

the Public School Library and the Odd Fellows' Building. He gave an outline of

the several plans. Mr. Taussig reported that the Elks Club had offered the use

of their rooms. After considerable informal discussion it was suggested that it
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would be well to have a meeting at each of the proposed places. It was voted to

defer discussion of the matter until further notice.

Mr. Russell, Chan-man of the Special Committee on Closer Union of Engineering

Societies, read the following report

:

"In accordance with instructions, your Committee recommends, as a preliminary

step towards a closer union of the Association of Engineering Societies, that our

members of the Board of Managers be instructed to submit to the Board the fol-

lowing amendment to the articles of association :

"Amendment 1.—In addition to his other duties, the Chairman of the Board

shall act as the Chairman for the Association, and on notice from any society,

through its member of the Board, that the society desires the Association to pass

on any question, he shall put the question to the different societies, and receive

and declare the vote. He shall also receive the reports of joint committees, and

submit them to the Association. In a vote of the Association a society shall be

allowed as many votes as it has members of the Board."

In favor of the adoption of this amendment by the Association, your Commit-

tee would submit the following :

"As the association of the engineering societies for the purpose of a joint publi-

cation has been so successful, it may well be considered whether its objects could

not be extended with additional advantage. With the growth of these societies it

has become apparent that the reading of professional papers is but one part of

their work, and that there is much to be done in the line of keeping special com-

mittees at work on questions of engineering policy, or the broader questions of

investigation that cannot be covered by the labor of one man. As the joint pub-

lication has done much to increase the efficiency of the societies in the one field of

work, it is thought that some concert of action in the other will be equally bene-

ficial.

"Article VI. of our articles of association reads: t

"These articles may be amended by a majority vote of the Board of Managers

and subsequent approval of two-thirds of the participating societies."

We cannot foresee the entire field that would be opened, nor is it necessary to

state just what lines of work might be undertaken, but that we may have some-

thing definite before us, some of the objects may be suggested.

First.—In relation to engineering practice, the subject of standards furnishes a

broad field for co-operative work; every-day practice brings up the inconvenience

of lack of uniformity, and we see that the introduction of standards of form would

be of great help to the profession. The standard screw-thread introduced by the

Franklin Institute illustrates the value of work in this line. Standard units also

demand attention; overlooking the much agitated question of weights and meas-

ures, there are still a number of units where a standard might be easily introduced

with great convenience to the engineer. The thermal unit furnishes an instance;

not to unnecessarily elaborate, we may simply state as desirable, standard tests of

efficiency in engines, boilers and furnaces, standard tests of engineering materials

and standard specifications. This Association is especially fitted for successful

work in these lines, in that its membership is not confined to professional engi-

neers, but includes a fair proportion of manufacturers and practical men in a num-
ber of fields.

Second.—There are a number of questions requiring a broad investigation, both

on account of the nature of the subjects and that the results may have authorita-

tive recognition, and committees representing the Association could well undertake
work in this line. The work of the committee of the American Society on the

preservation of timber, on tests of cement and on the relation of wheel to rail,

are illustrations.

In some of these investigations we might expect to induce the government to

collect much eeded data. The present chief of the United States Signal. Service
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has already signified his willingness to adapt the work of his department to the

needs of engineers, so far as he may be able.

Third.—There are times when concerted action on subjects requiring legislation

is very desirable. The question of highway bridge reform in Missouri is one that

is now being pushed by the Kansas City and St. Louis societies, and the force of

such movements would be greatly increased by the closer association. As similar

objects for the association we might instance harmony in boiler inspection, and
building laws and other municipal legislation falling in the province of the engi-

neer. The question of government works, the abatement of the smoke nuisance,

and the technical education of railroad employe's are also suggested.

Respectfully submitted,

S. B. Russell,
j

J. A. Seddon, - Committee.
J. B. Johnson,

)

Mr. Bryan moved that this report be adopted as the sense of this club. This

motion being seconded, a general discussion followed, in which Professor Johnson,

Robt. Moore, Professor Potter, Messrs. Russell, Bryan, Macklind, Bouton, Fer-

guson, Meier, Brunei' and Bartlett took part. The motion was carried.

Mr. Winslow Allderdice, of Warren, O., had telegraphed that it would be im-

possible for him to be present. His paper on " Improving the Channel of the

Mississippi" was read by Professor Johnson. Mr. Allderdice, while engaged in the

naval service, was detailed for duty en the vessel " Wachusett," which attempted

to make the passage up the Mississippi to St. Louis in the spring of 1879. The
vessel having grounded, the manner in which she was finally floated had led the

author to formulate certain suggestions as to the deepening of the channel. Maj.

A. M. Miller, of the United States Engineers' Department, being present, was
called on for remarks, but excused himself on the plea of not being prepared to

present a discussion. The hour being late, no formal discussion of the paper was
had, but Mr. Richard S. Elliott was asked to explain his plan for deepening the

channel by means of water jets under high pressure, which he did at some length.

Professor Johnson called attention to the success of some experiments made by
the United States engineers at Horsetail Bar, with crude apparatus of a similar

nature.

[Adjourned.] Wm. H. Bryan, Secretary.

March 20, 1889:—304th Meeting.—The Club met at the Mercantile Library at

8:10 p. M., Vice-President Nipher in the chair; thirty-seven Members and two
visitors present.

The minutes of the 303d meeting were read and approved. The Executive Com-
mittee reported the doings of its sixty-sixth meeting, recommending for election

to membership Otis E. Hovey, A. L. Johnson and Herman Krutzsch. They were
balloted for and elected.

The Secretary announced that a communication had been received asking that

this Club contribute such assistance as was in its power to the special exhibition

of American railroad inventions at the Paris Universal Exposition.

Professor Nipher here called Mr. Holman to the chair, and addressed the Club

on " Plans of Investigations in Dynamo Designing." His remarks were illustrated

by numerous drawings and by formulae and sketches on the blackboard. He ex-

plained in detail the principles involved and showed how, when certain constants

for any type of dynamo had been ascertained, the design of dynamo of the same
type of any other desired capacity could be readily determined. He had recently

made such a calculation for an Edison dynamo, which he used as an illustration.

He gave two empirical formula? for the safe carrying capacity of a wire in

amperes. The cost of copper necessary in any dynamo and the speed at which it

could be run were usually determining factors in the problem. Another important
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consideration is the resistance which the space around the dynamo offers to the-

niagnetic line. It would be very desirable to have experiments made to determine

this resistance for the prominent dynamos now in the market. Messrs. Holman

and Bryan took part in the discussion of this paper.

Professor Johnson then submitted a brief reply to Mr. Wm. B. Knight's discussion

of the paper on Cable Yokes. Professor Johnson was not ready to admit that the

strength of cable yokes was not a matter of great importance. He held that the

proper way to provide resistance to the closing of the slot was by increasing the

strength of the conduit, and that if the strength could be greatly increased by

a new form of yoke without increase of expense, it was, in his opinion, the proper

thing to do. In the discussion, Mr. Thos. McMath stated that while the slot rails

of the Citizens' cable road in this city had been planed off at considerable expense,

it was principally as a precautionary measure. Professor Nipher and Mr. Holman
also took part in the discussion, the latter calling attention to the large amount of

cable construction in prospect and the importance of this question of strength of

yoke.

In the general discussion Professor Johnson called attention to a test piece of

Mullens silicated iron, which in his testing machine had stood in compression

120,000 pounds per square inch. It had finally broken in the same manner as

specimens of stone do. It contained a very large proportion of silica.

Mr . Holman explained a new method of making large pipe connections to water

mains without interrupting the flow of water. It was available on pipes as large

as 12 inches in diameter.

[Adjourned.'] Wm. H. Bryan, Secretary.

WESTERN SOCIETY OF ENGINEERS.

February 6, 1889.—The 255th meeting of the Society was held. Past-Presi-

dent A. Gottlieb in the chair.

The minutes of the last meeting were read and approved.

Mr. A. D. Whitton, Mr. L. L. Wheeler and Mr. J. H. Flagg, proposed at last

meeting, were elected to membership.

The resignations of Mr. A. Comstock, Joliet, 111.; Mr. Geo. C. Morgan, Chi-

cago, 111.; Mr. J. F. Clarke, Toledo, O.; Mr. J. L. Gillespie, St. Paul, Minn.,

and Mr. Eb n J. Ward, Marseilles, III., were received and accepted.

Applications for membership were filed from Edwin G. Nourse, Assistant En-
gineer A., T. & S. F. Railroad, Chicago; James Knox Lyons, Assistant Engineer

Penna. Co. , Fort Wayne, Ind. ; Charles Cruft Brokaw, Bridge Engineer, Chi-

cago, and Ricard O'Sullivan Burke, Assistant Engineer, City Hall, Chicago.

The Secretary read several communications, to which he was requested to

reply.

The Committee on Highway Bridges, through Mr. C. L. Strobe], presented the

following report without recommendation, and asked to be discharged :

Chicago, Feb. 6, 1889.

The Committee appointed to report on the best means of improving highway
bridge construction, begs to report as follows :

The Committee has held several meetings, and been in correspondence with
committees appointed by kindred societies. A draft of an act of legislature to

promote the safety of bridges, prepared by the committee of the Engineers' Club
of Kansas City, together with a memorial to the legislature of Missouri, has been
received and is submitted herewith.

Your Committee has carefully considered this draft of an act, and while it is of

the opinion that changes in details are desirable, and in part necessary, it recom-
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mends this draft as in principle the best method yet proposed of remedying the

existing evils.

The proposed act is not confined in its application to highway bridges only, but

deals with railway bridges as well. There appears to be justification for this.

While bridges are well cared for on most railways, they are not properly cared

for on some, and an accident is much more serious in their case than in the case of

highway bridges. It was thought, too, that an act dealing only with highway
bridges was sure, sooner or later, to be amended by the legislature so as to include

railway bridges also, in which case the amended act would probably not be as sat-

isfactory as an act planned to apply to both types of bridges from the start.

The act does net include the appointing of a state engineer. Such an officer

will, undoubtedly, be needed if the act should become a law, but it was thought

advisable by the framers to ask for no legislation which would entail extra expense

upon the State.

After mature consideration your Committee has concluded that it would be

inopportune at this time to attempt to obtain legislation in this State, as the

prospects of success are verv small. Public attention has not yet been sufficiently

aroused to the need of legislation of this character, and an effort on the part of

engineers only will be looked upon as an attempt to furnish employment to the

members of the profession, and not as a disinterested movement to secure a

public good.

At some future time the necessity for legislation will, undoubtedly, become

apparent to the general public, and the present preparatory work will not be

wasted.

Your Committee begs to report without recommendation, and request to be

diS°harged -

C.L.STROBEL,
)

A. Gottlieb, > Committee.
E. C. Carter, )

The report was accepted and the Committee discharged.

No formal discussion was held but remarks were made by Messrs. Gottlieb and
Strobe), to the effect that there was no time to present the question in the shape

of a satisfactory bill at the present sitting of the legislature at Springfield, and in

the shape presented by the sister societies of Missouri it would be impossible to

pass it in Illinois.

Mr. Chanute explained some points in the Missouri bill.

Tbe Committee on Standard Drawing Papers for Engineers, by Mr. Rossiter,

reported progress.

The Committee on Employment, by Mr. Liljencrantz, said that as the matter

had been postponed from time to time without any action it was earnestly de-

sired that the Society should signify its intentions.

The Secretary suggested a further postponement on the score that the Society

was not ready to act with due decision on the question, but Messrs. Strobel and
Herr favored the work.

Mr. Herr moved that report of Committee be accepted and Committee dis-

charged. Carried.

Mr. Herr moved that Mr. Liljencrantz be authorized to receive applications for

employment and give such assistance as he can, and that a book be provided and
facilities be given by the Society to carry out the work.

Mr. Lundie moved the following amendment

:

That a special committee be constituted a standing committee and that such

committee should make its own arrangements. All matters pertaining to employ-

ment to be turned over by the Secretary to Chairman of Committee for action.

Mr. Chanute explained the method of the American Society of Civil Engineers

on a similar work which had proved a great success, it being accomplished by ths

use of two circulars only.
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Mr. Herr spoke indorsing Mr. Chanute, but suggested that there was hardly

time to carry out his plan, as something should be done at once.

Mr. Gottlieb objected to standing committee, but that Mr. Liljencrantz could

do the work if he would.

Mr. Lundie's amendment was lost and Mr. Herr's original motion prevailed.

Mr. Liljencrantz accepted the action of the Society as the officer in charge of

"employment."'

The amendment to section 5 of the By-Laws proposed by Mr. Cooley at the last

meeting was next taken up.

Mr. Strobel offered an amendment substituting $7.50 for the $5 proposed by

Mr. Cooley for non-resident members.

It having been suggested that the nonresident members did not receive so

much value for their dues as residents, Mr. Herr said that it must be borne in

mind that the onus of keeping up the status of the Society fell wholly upon the

resident members, which is a matter of great importance, and'to be fully consid-

ered.

The amendment to the Constitution proposed by Mr. D. C. Cregier at

last meeting was next taken up, and ordered for letter ballot for next

meeting.

Mr. Strobel moved to employ a stenographer for future meetings. Carried.

After some further general discussion on important points relating to the work
of the Society the meeting adjourned.

John W. Weston, Secretary.

March 6, 1889:—The 256th meeting of the Society was held. In the absence

of presiding officers Mr. E. C. Carter was called to the chair.

The minutes of the last meeting were read and approved.

Application for membership was made by Mr. John Sylvester Glenn.

Messrs. Edwin G. Nourse, James Knox Lyons, Chas. Cruft Brokaw aDd Ricard

O'Sullivan Burke, proposed at last meeting, were elected to membership.

Reports of committees being in order, Mr. F. C. Rossiter, of the Committee on

Standard Drawing Papers for Engineers, reported as follows:

To the Western Society of Engineers;

As one of the Committee appointed to see what could be done towards inducing

manufacturers of profile and cross-section paper to furnish engineers with trans-

lucent paper for blue printing purposes, will report that by correspondence I learn

that one of our manufacturers will not try the experiment under any circumstan-

ces, and the other reports that profile paper can be made on thin bond paper, but

it would be expensive, stating that sheets 21 x 33 inches will cost 75 cents.

Believing that this price is exorbitant, there being no reason in my mind for

charging more than the retail price for sheet profile paper, I have had experiments

made for lithographing profile paper, and have succeeded beyond my expectation.

The lines in this copy are too heavy, but can be reduced in the next. Blue prints

taken from the bond and vellum cloth printed in blue and green inks give

satisfactory results. Sample sheets are submitted herewith for inspec-

tion. My experimental sheets are only 10 x 12, but when satisfied tbat there will

be a call for such paper I will have an engraving prepared 21 x 33, which I am
satisfied I can furnish at 30 cents per sheet for bond paper and about 60 cents for

vellum cloth. Respectfully yours,

F. C. Rossiter.

Mr. Rossiter introduced some samples of profile paper which had been prepared

for blue printing, and explained his experiences.

The Secretary presented some communications for action of Society and the

financial report of the month.
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The resignation of the Treasurer, Mr. H. W. Parkhurst, was received and ac-

cepted, and the Secretary authorized to fulfill the Treasurer's duties until further

action of the Society.

Upon the question of voting on the amendment to increase the annual dues, Mr.
John Lundie broadly discussed the ruling conditions, and asked for a full dis-

cussion of the subject, makiDg the following motion:

That the vote on the increase of dues be postponed, and that a committee be ap-

pointed to consider and report at next meeting on the whole financial condition of

the Society with a view toward retrenchment and reform.

A discussion followed, in which Messrs. Nagle, Liljencrantz, Lundie, Carter

and the Secretary participated, and upon being put to the vote the motion was
carried.

The Chairman appointed Messrs. Bates, Lundie and Liljencrantz as tellers to

canvass the letter ballots on Mr. D. C. Cregier's amendment to the constitution,

reported in last proceedings. They reported 68 votes cast : 56 yeas, 10 noes, 1

yes and no, and one conditional upon the members being over sixty years of age.

The Chairman appointed Messrs. S. G. Artingstall and William S. Bates as a

committee to make arrangements for meeting and lunch ordered for April 3. This

committee also served for January meeting, but were again appointed by vote of

Society.

The question of arrangements for better and permanent quarters resulted in a

motion by Mr. John Lundie :

That a committee of three be appointed to secure proper quarters for the Society

and to make suggestions for keeping and conducting same. The committee to re-

port at next meeting.

The chair appointed Messrs. Lundie, Gottlieb and FitzSimons.

The Secretary briefly called attention to the benefits to be derived from the ap-

pointment of an active committee to provide professional entertainment and mat-

ter for discussion by the Society at its regular meetings.

Mr. A. F. Nagle spoke of the Topical Questions which had afforded much expe-

rience to the American Society of Mechanical Engineers, and coincided with the

views of the Secretary.

Mr. Carter called attention to the actual work of the Western Society of Engi-

neers not being adequate to its condition, indorsed the proposition, and urged that

the matter should be brought up at the next meeting.

Mr. Wm. S . Bates moved that a plan be formulated to provide papers and dis-

cussions at next meeting. Carried.

As the hour was late the paper " On the Croton Valley Storage," by Samuel
McElroy, was ordered to be read at next meeting.

After discussing the hour of meeting, whether it could be changed to an earlier

one to the advantage of the majority, the meeting adjourned to meet at 5 p. M.

April 3.

John W. Weston, Secretary.

CIVIL ENGINEERS' CLUB OF CLEVELAND.

November 13, 1888:—The meeting was called to order by President Whitelaw

at 8:20 P. M. ; 14 Members were present at opening.

The minutes of the last meeting were read by the Secretary, and approved.

Mr. J. H. Sargent read a paper that he had prepared with regard to the death

of Mr. A. C. Getchell. Mr. N. P. Bowler stated that he had promised to assist

Mr. Sargent in preparing suitable resolutions and notice of Mr. Getchell's life, but

that he had been suddenly called away, and had been unable to do anything in

the matter. The Committee asked for an extension of time, which was granted.'



PROCEEDINGS. 335

The Secretary stated that a pamphlet respecting the Westinghouse Electric

company had been presented to the Club by Mr. Chas. Paine.

As there was no other business before the Club, Mr. N. S. Possons, Superintend-

ent of the Brush Electric Light Works, read his paper on "Recent Applications of

Electricity."

After discussion on Mr. Possons' paper, the meeting was adjourned till the

second Tuesday in December.
James Ritchie, Secretary.

ANNUAL MEETING.

March 12. 1889 :—President Whitelaw in the chair; 14 Members present; meet-

ing called to order at 8:15 p. M.

The minutes of the Jast meeting were read by the Secretary and approved.

Mr. C. P. Leland, Chairman, made his report on behalf of the Committee on

Banquet.

Mr. James Ritchie read the reports of the Executive Board, the Treasurer and

the Librarian.

Mr. Leland moved that the reports be received and placed on record. The mo-

tion was seconded by Mr. Searles and carried.

The chair appointed Messrs. Augustus Mordecai and C. W. Paine tellers to

count the baiiots for officers.

Mr. Mordecai reported that the following ticket had been elected: President,

W. R. Warner: Vice-President, H. C. Thompson; Treasurer, S. J. Baker; Secre-

tary, James Ritchie; Corresponding Secretary, A. H. Porter; Librarian, J. L.

Gobeille: Member Board of Managers, W. H. Searles.

Mr. Mordecai moved a vote of thanks to the retiring officers for the able and

efficient manner in which they had performed their duties. The motion was

seconded by Mr. Leland and carried.

Mr. Whitelaw read a letter from Mr. Newton Anderson tendeiing his resigna-

tion from membership. The letter was referred to the Executive Board,.

[Adjourned.] James Ritchie, Secretary.

REPORT OF THE EXECUTIVE BOARD.

The officers of the Civil Engineers' Club of Cleveland, constituting the Executive

Board, respectfully submit their annual report.

There have been held sixteen meetings of the Club during the year (besides the

annual banquet at the Hollenden on March 20,1888). The average attendance

has been 14 at the regular meetings.

The membership of the Club at present consists of 4 Honorary, 105 Active, 5

Corresponding and 4 Associate Members. There have been elected during the

year four Active and one Corresponding Member, and one Member was changed

from the Active to the Corresponding list. Two of our Active Members, Mr.

Charles Latimer and Mr. A. C. Getchell, have died during the year.

The following papers have been presented : Asphalt and Stone Pavements, by
Mr. Torrey (not a member); Cable Railroads, by Mr. John Walker; West Point

Tunnel, by Mr. Wm. H. Searles; Progress in Civil Engineering, by Mr. Walter
P. Rice; R,ecent Applications of Electricity, by Mr. N. S. Possons; Progress in

R,ailroad Engineering, by Mr. H. C. Thompson; Construction of the Arcade Build"

ing, by Mr. John Eisenmann; New Discoveries in regard to Light, by Prof. E. W.
Morley.

Several of these have already appeared in the Journal of the Association, and
others are in course of publication. Some of them, however, we regret to say,

have not been furnished to the Committee for publication after reading. The
Journal is published monthly under contract by the Railroad Gazette, at the

same rates as heretofore, and a copy is regularly mailed to every Member.
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There are twenty-six periodicals furnished for the club room tables. A portion

are sent to us free, and the remainder are supplied by the Case Library Associa-

tion from the seventy-five dollars rental paid by the Club.

The Club library is still in a semi-chaotic condition for want of shelf room to

properly arrange and classify the books and pamphlets. The Club is indebted to

Col. John M. Wilson, Honorary Member and past President of the Club, for fre-

quent donations of valuable public documents.

The Treasurer reports the receipts for the year, including cash on hand March
13, 1888, at $799.38 ; expenditures, §783.25 ; leaving a balance in the treasury

this date of $16.33. Amount of membership dues remaining unpaid this date,

$63.

The annual banquet of the Club was held at the Kennard House on March 14.

Seventy-five gentlemen sat down to an elaborate menu. According to the usual

custom of the Club no wine was served. After listening to a number of interest-

ing speeches and spending a social evening the Club adjourned.

J a.mes Ritchie, Secretary.

MINNEAPOLIS SOCIETY OF CIVIL ENGINEERS.

January 2, 1889:—A regular meeting was held, President Pike in the chair.

Minutes read and approved.

Resignations of Messrs. J. E. Turner and H. M. White were accepted. Mr. J.

E. Howe was elected to membership.

An amendment to Article 12, making the annual dues $5 and initiation fee $10,

was adopted. In the semi-annual reports of officers, Professor Pike thought the

Society in shape to do good, earnest work, and urged the early securing of per-

manent rooms, where the Society might have its library and enjoy many other

privileges which can be found only in a home.

W. W. Redueld was appointed to audit the Treasurer's accounts for the past

year.

The election of officers for 1889 resulted as follows:

President—Prof. Wm. A. Pike.

First Vice-President—Geo. W. Sublette.

• Second Vice-President—L. C . Deterly.

Secretary—Prof. W. R. Hoag.

Second Secretary and Treasurer— C. A. Huntress.

Librarian—W. W. Redfield.

Member of Board of Engineering Societies—Wm. De Le Barre.

The Society gave a vote of thanks to the retiring Secretary, Walter S. Pardee,

for his long and earnest service.

President Pike's paper on " The Quaker Bridge Dam" was a comprehensive re-

view of all the leading features of the dam, together with a discussion of a few of

the more perplexing problems connected with it.

The Society gave a vote of thanks and ordered it printed in the Journal.
Professor Hoag read a paper on " Solar Attachments." The latter part of his

paper, relating to " Solar Transit Surveying," by the use of a solar of his own
design, was not reached, and it was voted to continue it at next meeting.

[Adjourned.'] W. R. Hoag, Secretary.

February 6, 1889 :—A regular meeting was held, Prof. Pike in the chair.

The minutes were read and approved.

After several letters of communication were read from secretaries of other so-
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cieties, relative to correspondence and transfer of members from one society to an-

other during temporary absence, the literary programme was taken up.

This included a paper by Prof. Hoag on Solar Attachments, in which he pointed

out the defects of the more common attachments, dwelling on Smith's Solar in

particular, offering a design of his own which seemed to correct these faults.

G, W. Sublette's paper on Subdivision of the Section cleared up all the problems

the County Surveyor is liable to meet ia establishing sixteenth corners or repro

ducing last section or quarter corners.

The paper called out considerable discussion.

[Adjourned.'] W. R. Hoag, Secretary.

March 6, 1889:—Meeting called to order. First Vice-President Sublette

in the chair. Minutes of last meeting read and approved. Letters of communi
cation from James Rigby and New England Water-Works, containing a pro-

gramme of their spring work, were read.

The literary programme for the evening consisted of a very interesting paper

on " Permanent Improvement of Highway," by G-. E. Crary. A lengthy discus-

sion followed, branching into the various forms and relative merits of street pave-

ments. •

[Adjourned.] W. R. Hoag, Secretary.

CIVIL ENGINEERS' SOCIETY OF ST. PAUL.

March 4, 1889:—Regular meeting of the Society held at Hotel R3'an, eleven

Members present.

The minutes of the last meeting having been approved, the Committee upon
Interchange of Members between the different engineering societies reported in

favor of a plan of this kind, provided the other societies united in the plan. The
Committee was continued with instructions to correspond with other societies on

the subject.

The Committee upon Membership reported progress and was continued.

The report of the Committee upon Bridge Legislation was read and also the act

as proposed by the Engineers' Club of Kansas City now before the Missouri

Legislature. The desirability of legislation and what it should be was then dis-

cussed by those present. Mr. Horton stated that in his opinion to regulate the

construction of bridges by law would result in the erection of bridges unneces-

sarily strong for many country towns, and such places would be unable to build

bridges on account of greatly increased cost. In his opinion the taxpayer

should be considered. The bridges erected by most towns at present were ample
to carry the usual loads brought upon such structures and the percentage of acci-

dents was very small, so small as to be hardly worth notice.

Mr. Osborne expressed as his opinion that legislation was not needed to force

railroad companies to build safe bridges, as it was so greatly for the interests of

each company to look after its own structures

.

Mr. Loweth remarked that while both railroad and highway bridges might be
improved thorough inspection by a skilled engineer, and cited cases in this State

where a railroad company had absolutely no plans at all of some of the bridges on
its line, yet the present was not a good time to crowd further legislation upon
railroads. Some good would be obtained by having the plans of all bridges filed

with the strain sheets, etc. , at the capital of the State.

Other remarks were made by Messrs. Rockwell, Miinster and Mason.
The general feeling, as expressed by the speakers, was, on the whole, rather

against legislative enactments, but in favor of compelling plans and strain sheets

to be filed where accessible to the public, and that the parties building bridges,
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either railroads or towns, should be held strictly responsible for the safety of the
structure, and liable for any damages sustained in case of accidents.

The Secretary was empowered to have a list of the Members printed, and the
name of Mr. Karl L. Lehman was presented as an applicant for membership in

the Society.

{Adjourned.] Geo. L. Wilson, Secy.

ENGINEERS' CLUB OF KANSAS CITY.

March 4, 1839:—A regular meeting was held in the club room at 8 P. M.

President O. B. Gunn in the chair, Kenneth Allen, Secretary. There were present

eleven Members and three visitors.

Minutes of the last regular meeting and that of the Executive Committee were
read and approved.

On canvass of ballots, John E. Thomes, Waterman Stone, J. B. Chapman, F. E.

Sickels, E. A. Harper, R. H. Elliott and L. B. Root were declared elected as

Members.

Mr. Breithaupt reported progress on the question of Bridge Reform. Mr.
Chanute, Professor Johnson and Mr. Breithaupt had each gone to Jefferson City,

representing the St. Louis and Kansas City societies.

It was found that : "First, Railway bridges are already provided for by the

Railway Act, thus leaving the ground free for an act concerning county bridges.

Second, The counties are dissatisfied with the present law concerning the letting

of county bridges, and would be glad to have a better one. This will give a

good starting point to provide for the erection of good bridges. Third, There is

great jealousy of any interference with the autonomy of the counties."

The bill has accordingly been revised to meet the requirements of the case and
returned to the sub-committee, to whom it was referred by the Legislature.

The Western Society, while indorsing the essential features of the bill, advise

no action at present in Illinois.

Mr. Mason reported, for the Committee on Transfer of Members, that copies of

the constitution of the various societies had been received and were being looked

over before the proposal of any scheme.

Mr. C. E. Taylor read a paper on " Strengthening Iron Railway Bridges." In

bridges considered, trusses found strong enough, while floor and lateral systems

were too light for modern traffic. The lightest beam had web }£ inch x 15

inches and length of 14 feet 6 inches. Bridge panels 15 feet.

AU beams removed and replaced by new ones of about 50 per cent, greater sec-

tion, but, with one exception, of same general dimensions as those removed.

Owing to the manner in which end beams were connected to truss, it was neces-

sary to disconnect half the lower chord at this point while changing the beams.

This was done by relieving chord-bars of tension in end two panels by means of

heavy tackle.

Changing intermediate beams was somewhat simpler, but required the spread-

ing apart of the bottoms of trusses, to disengage beams from posts, in which they

were inserted about 6 inches.

Another interesting feature of the improvement of these bridges was the chang-

ing of several cracked stone pedestal blocks—the corners of the bridges at these

points being lifted about 1)4 inches by means of two 20-ton hydraulic jacks and a

special bracket attached to end post.

The paper was discussed by Mr. Goldmark

.

Mr. R. L. McAlpine was proposed as Associate Member by Wynkoop Kiersted

and Kenneth Allen.

[Adjourned.

1

Kenneth Allen, Secretary.
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MONTANA SOCIETY OF CIVIL ENGINEERS.

SECOND ANNUAL MEETING.

First Session.

January 19, 1889:—The first session of the annual meeting was held at the

office of Mr. E. H. Beckler, Chief Engineer of the Montana Central Railway, at

8 p. M., Col. W. W. de Lacy, chairman. There were 12 Members present.

Minutes of previous meeting were read and approved.

Mr. Fk. L. Sizer was re-elected a charter member. Messrs. J. R. De Witt,

Jr., and C. S. Haire were elected Members.

Applications for admission were read from Fk. A. Ross, Jas. MacFarlane and

Leopold O. Danse. Ordered filed, and letter ballots to be issued.

The Committee on Memorial to the Legislature, praying for the establishment

of suitable remuneration for expert testimony, made a verbal report. Further

consideration deferred until next regular meeting.

The Secretary reported the action of meeting of March 17, 1888, referring the
" question as to the best manner of securing papers and discussions to the next

annual meeting."' Further consideration deferred until session of 21st inst.

A communication from the Engineers' Club of Kansas City relative to entering

an alliance of engineering societies for the transfer of members, was referred to

a special committee consisting of Messrs. Cumming, Kelley and Kenina.

The Committee on Arrangements for the annual meeting reported the following

programme as having been arranged for the exercises at Butte:

Helena members and guests will arrive in Butte 21st inst. on Montana Central

train, due 11:20 a.m., to be joined at the depot by the Butte members and
guests.

The party will t hen proceed to the Montana Union depot, where a train will be

in waiting to convey them to Anaconda, arriving at about 12:45 p. m.

The afternoon will be spent in examining the smelters and reduction works of

the Anaconda Smelting Company, returning to Butte on train leaving at 6 p. M.

Half an hour after arrival in Butte, members 'will convene for the transaction

of business and discussion of papers.

At 10 P. m. sharp, the Society and invited guests will assemble at the Metropoli-

tan Restaurant, Park Street, to partake of the Annual Banquet.

For the entertainment of those who may wish to remain over, excursions have
been arranged to points of interest in the city and vicinity.

The canvass of letter ballots received for officers for 1889 showed the following

to be elected:

Benjamin H. Greene, President.

Elbridge H. Beckler, First Vice-President.

Henry B. Davis, Second Vice-President.

James S. Keerl, Secretary and Librarian.

Charles W. Helmick, Treasurer.

Thomas T. Baker, Trustee for three years.

Meeting adjourned to meet at call of the President.

Second Session.

January 21, 1889:—Fourteen Members and three guests boarded the 8:25
a. M. train of the Montana Central Railway bound for Butte.

The ride to Butte was a most interesting one to our party, abounding, as it does,

at every turn, with those features not alone entertaining to the engineer, but to

the lover of grand and imposing scenery.

The enjoyment of the party was greatly added to by the possession of a hand-
somely executed map and profile of the line traversed, loaned through the kind-
ness of Mr. John Herron, Acting Chief Engineer of Montana Central Railway,
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which recorded the maximum grade as 2.2 feet per 100 an curvature 10 degrees,

distance from Helena to Butte 73.3 miles, with five tunnels of total length 9,052
feet, the Wickes tunnel being 6,112 feet long. The substantial character of the

construction could not but impress itself upon the travelers. The rail used is 75
pounds, with oak ties on the curves, transported from Minnesota.
The road crosses two divides, first, from the Missouri to the Boulder; second,

from the Boulder to the Deer Lodge.
At the Helena Depot the elevation above sea level is 4,000 feet, at the first named

divide (Wickes tunnel) 5,454 feet, at the Continental Divide, 8 miles from Butte,

6,350 feet and at Butte Depot 5,500 feet. The appointments of this new road proved
first class in every particular and drew from the pioneers of the party many hu-
morous comparisons as between the present system of conveyance and that in vogue
when last they traversed the same route upon the back (sometimes) of a bucking
"Kiyus." The run from Helena to Butte is made in 2 hours and 55 minutes. At
several points along the line a speed of 50 miles an hour was observed. Reaching
Butte on schedule time the Helena contingent was received by the following Butte
members:
Messrs. Harper, Wilson, Knight and Gillie, accompanied by Messrs. C. W.

Goodale and H. Williams, our guests from Butte, who conveyed us immediately
on the motor line to the Montana Union Depot, where we found the train had
been held awaiting our arrival through the courtesy of Supt. G. W. Dickinson,

who forwarded us at once to Anaconda. Upon reaching the Smelter City we
were received by Manager Daly, Superintendent Stalmann, and Messrs. Raup,
Durstan and Webb, all of the Anaconda Company, who welcomed ns to the

Swansea of the West. WT
e were first invited to make an examination of the luuch

awaiting us at A. M. Walker's boarding-house at Carroll, to which, our appetite

being sharpened by our ride, we did ample justice. We were next escorted over

the immense works of the Anaconda Company, and with the greatest unreserve

shown every detail of the gigantic business. The favor shown our party was an
unusual one, and we fully appreciated the distinguished courtesy extended by Mr.

Daly. The entire afternoon was spent in examining the upper and lower works,

which to describe in a manner sufficient to give one an adequate conception of

their immense proportions—which to some might be an easy task—the writer must
confess to his inability, through a want of fitting words. At 5:45 p. m. we re-

turned to Butte highly delighted and instructed by the marvels we had seen. In

that visit we received a better impression of the immensity of the industries sus-

tained by the output of the Butte mines than a week spent in examining the mines

themselves.

At 8 p. M., a meeting was held in the Probate Court room at the Butte Court

House, President Geo. K. Reeder presiding.

There were present 19 Members and four visitors. On motion, carried, the

reading of the minutes of previous meeting was dispensed with.

The "question as to the best manner of securing papers and discussions" was pre-

sented as unfinished business from the last meeting. After discussion, Mr. Foss

made the following motion, carried: " That a new Committee on Topics be

appointed for the ensuing year, at the next regular meeting of the Society." Mr.
Herron made the following motion, carried: " That any person who was elected

a charter member of this Societj , and who received a unanimous vote for re-

election, may become a charter member by paying all back dues."

Moved and carried unanimously, " That a committee of four be appointed to

draught suitable resolutions, expressing the high appreciation of this Society for

courtesies extended by the railroads and other companies, also individuals, upon

the occasion of their second annual meeting,"

Committee appointed, Messrs. Knight, Greene, Herron and Reeder.

The Secretary and Librarian presented and read his report for the past year.
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Upon motion, carried, it was received and referred, together with his books of

accounts, to the Board of Trustees for auditing and report.

To the President and Members of the Montana Society of Civil Engineers:

Gentlemen: I have the honor to submit my report as Secretary and Librarian

of your Society, covering the period since my last report, dated January 21,

1888, to this 19th day of January, 1889.

During this period the amounts paid to me as Secretary have been as follows :

February 18, 1888.—Balance paid by Chairman of Committee of Arrange-
ments upon banquet tendered by the resident members of Helena to the M.
S. C. E. January 21, 1888. (This amount stands to the credit of the Helena
members, as pes instructions of meeting held February 18, 1888) ?14.85

Initiation fees received from ten members at, $5 50.00

Semi-annual dues for first half of 1888, received from 45 members, at $2.50. . . . 112.50
" "second" " " " 40

" " " .... 100.00
" " first " 1889, " " 3 " "_".... 7.50

Assessment on account of expenses of Executive Board of the Council of En-
gineering Societies on National Public Works, at $1 per member, received
from 44 members . 44.00

Total receipts §328.85

This amount has been paid to your Treasurer, John W. Wade, Esq., vouchers

for same being hereto attached.
Expenditures.

Orders have been drawn on the Treasurer covering the following distribution:
For printing and stationery .J101.40
For subscription to " Proceedings of American Society of Civil Engineers ".

. . 10.00

For engrossing resolutions passed to J. T. Dodge, past president 5.00
For incidental expense account of Secretary 21.35
For assessment account Association of Engineering Societies 112.00
For donation to Executive Board of Council of Engineering Societies on Nat.
Pub. Wks 50.00

Total expenditures $299.75
Leaving a balance in the treasury of $192.55.

Dices Uncollected

6 Members are delinquent in dues for the year 1888, at $5 $30.00
.6 " " " " " " " half year 1888, at $2.50 15.00
6 " on assessment account Executive Board of Council
of Engineering Societies National Public Works at $1 6.00

48 Members are delinquent on dues for first half of 1889, at $2.50 120.00

Total dues uncollected $171.00
Balance in treasury 192.55

Making assets $363.55

All bills presented have been paid excepting two amounting to $3, one from the

Independent Publishing Company for $1.25, received too late for being included

in this report, and one for like amount from the publishers of the Journal op the
Association of Engineering Societies, which they are to include in their bill

for the set of back volumes of the Journal.
I would most respectfully call your attention to Section 6, Art IV., of the By-

Laws, requiring the collection of semi-annual dues, and would suggest looking to

avoiding what I believe to be an annoyance to the members,las well as what would
appear a needless duplication of clerical work on the Secretary, that this section

be so amended that the annual dues may be collected by one payment.

There are now upon on the Roll of Membership 51 Active and 1 Associate Mem-
bers, 10 Members having been added to the Roll since my report of January 21,

1888. Two gentlemen are now under ballot for membership and 4 applications for

membership I have in hand. For a statement of the Transactions of the Society,

I would respectfully refer to the minutes I have been keeping of the same. My
books of accounts are herewith presented for examination and auditing by the

Board of Trustees, as provided by the By-Laws.
As Librarian of your Society I greatly regret I have little to report. While

the Society has ordered the purchase of the back volumes of the Journal of THK
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Association of Engineering Societies, there has been some trouble experi-
enced on the part of the publishers in securing all the numbers. If any member
has the first volume and No. 4 of Vol. VI., or the whole of Vol. VI., which he is

willing to part with, I should be glad to enter into negotiations with him looking
to their purchase.

The Transactions of the American Society of Civil Engineers for 1888 have
been added to the Library during the year as received.

I have received the following general publications during the year for the
library :

Constitution and By-Laws, Boston Society of Civil Engineers for 1888.
Proceedings National Association of Builders 1888, with Standard Specifica-

tions for Architects.

Proceedings of the Indiana Society of Civil Engineers and Surveyors 1 8th Animal
Meeting, 1888.

Pamphlet of the Westinghouse Electric Company, descriptive of the Alternating
System.

The Technic, University of Michigan, 1888.
In view of the present condition of the library and of its great importance to a

society of this character, especially when we call to mind cur isolated position—
with no library within a thousand miles at all adapted to our needs—to say noth-
ing of our expectations, I wouid consider it a neglect of duty should I fail to
call your attention to this matter, and earnestly request that such means be
adopted, as to you may seem test, looking to building up an engineering
library, so invaluable to the engineer and a potent factor in keeping alive his

interest in the Society.

"We can, I nelieve, safely count upon a membership at the close of this year of

60. Should we make an assessment of $3.00 per Member for a lilrary fund,

this would secure §180 in books, etc., the library could be made a circulating one,

giving every member its full advantages at a tax none of us would feel, and in

a few years be in posseesion of that most valuable auxiliary to the engineer—

a

first-class library, which, were he ever wealtny enough to have secured,

would probably now be found in sections between the Florida Keys and Alaska.

Your obedient servant, J. S. Keerl,
Helena, Mont., Jan'y 19. 1889. Secretary and Librarian.

Discussion ensued upon the recommendations contained in the Report of the

Librarian. Mr. John Herron called the attention of the meeting to the desirability

of establishing headquarters for the Society, and made the following motion,

carried unanimously : "That a Committee of three be appointed to report upon
the questions of a Library and permanent headquarters for the Society, to report

at next regular meeting."

Committee appointed, Messrs. Herron, Gillie and Harper.

President George K. Reeder made his annual address upon the engineering

progress during the preceding year, his theme being the "Panama Canal."

The chair announced the election of Gen. B. H. Greene to the Fre«idency of

of the Society for the ensuing year and inducted him into office. Upon taking

the chair Gen. Greene addressed the meeting and assured the Society of his

high appreciation of the honor conferred upon him.

The reading of the papers prepared for this session was deferred until a future

meeting—the hour being near to 10 o'clock, the time set for the Annual Banquet.

Meeting adjourned to meet at the call of the President

.

second annual banquet.

Nineteen Members, with fourteen guests, assembled at the Metropolitan res-

taurant. After a few "preliminaries," a "final location" was made of ten elegant

courses, which called for unparalleled feats of gastronomy.
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Mr. Elliott H. Wilson, of Butte, acted as toast-master. The following is a list

of the toasts:

"The Montana Society of Civil Engineers." Response by H. B. Davis, Second

Vice President Montana Society Civil Engineers.

"The Press." Response by Fk. M. Leonard, of the Butte Inter-Mountain.

"The Pioneer of Civilization—The Engineer." Response by W. W. de Lacy,

Chief Clerk Surveyor General's Office, Montana.

"Our Wives and Sweethearts." Responses by A. E. Cumming, C. W. Good-

ale and J. R De Witt, Jr.

"Mines and Miners." Response by A. B. Knight, Engineer Blue Bird Mine.

"National Public Works." Response by J. H. Ellison, Assistant Engineer,

Montana Central Railway.

"Engineering Societies, the Exponents of Our Profession." Response by J. S.

Keerl, Civil Engineer, East Helena Smelter.
" Territory of Helena." Response by W. P. Parker.
" The Railroad Engineer." Response by John Herron, Principal Assistant

Engineeer Montana Central Railway.
" Mineral Locations and Surveys." Response by Jos. H. Harper, City Engineer,

of Butte, M. T.
" Territory of Butte." Response by Geo. H. Irvin II., President Amy & Sil-

versmith Mining Company.
" Municipal Engineering." Response by G. N. Miller, Superintendent Sewer

Department, Helena, M. T.

" Our Western Railroads." Response by J. W. Kendrick, Chief Engineer

Northern Pacific Railroad.
" Our Guests." Response by Frank L. Sizer, Civil Engineer.

Followed by " Auld Lang Syne," at 3 a. m.

Third Session.

January 22, 1889:—The Members divided themselves into groups, visiting

during the day several mines and smelters in Butte. Supt. C. W. Goodale, of the

Gagnon mine, kindly piloted a party of six through the underground workings

of that property for nearly two hours.

Another party visited the mines of the Anaconda Company, chiefly with the

view of examining the hoisting engines—especially that at the Mountain View
mine, which possesses several novel features. They also visited the Parrott Smelter-

A 5 p. m. a meeting was held at the office of Baker & Harper, President B. H.

Greene presiding. There were 10 Members, present and 3 visitors.

A paper upon " County Records" was read by Mr. Geo. O. Foss. After some
discussion, Mr. A. B. Knight made the following motion, which was carried

unanimously :

'

' That a Committee of five be appointed to consider the recom-

mendations presented by the paper of Mr. Foss and report at some special meeting

to be called at as early a date as possible, and recommend what action, if any,

should be taken by this Society to bring the matter before th? Legislature in proper

form." Committee appointed, Messrs. Foss, Knight, de Lacy, Reeder and Harper.

The following amendment to Section 1, Article 1, of the Constitution, was sub-

mitted by Mr. A. B. Knight, and seconded unanimously, "That Sec. 1, Art. 1,

be made to read as follows :

" ' The name of this Association shall be the Montana Society of Engineers.^'"

In explanation of the amendment proposed Mr. Knight stated in effect that some
had thought an inconsistency existed between the name of the Society and its

qualifications for membership, which made eligible those in all of the collateral

professions, and that the objects of the Society would probably be promoted by
the change indicated.

Meeting adjourned to meet February 16, 1889, at 7:30 p. M., at Helena, Mont.

J. S. Keerl, Secretary.
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February 11, 1889:—Pursuant to a call Issued by the President, the 7th inst.

,

a special meeting was held at 8 p. m. at the office of Mr. E. H. Beckler, Chief

Engineer M. C. Railway, President B. H. Greene in the chair. There were present

18 Members aud two visitors.

The Committee to whom the paper by Mr. George O. Foss upon " County Rec-
ords" was referred at the previous meeting, made a verbal report, submitting a
bill for presentation to the Legislature looking to the enactment of laws designed

to overcome the present obj-ctionable manner of keeping county records. The
bid was read by Mr. Foss and was discussed at length, following the motion made
by Mr. Siz9r, viz., "That the report of Committee, in so far as it relates to the bill

presented governing town plats and plats of additions, be adopted with the earnest

indorsement of the Society, and the Committee or such sub-committee as the Chair

may appoint be directed to present this bill to the proper House Committee of the

Legislature for action, urging its passage."

The discussion resulted in amending the bill in several particulars.

Upon the presentation of the bill as amended, it was moved by Mr. Sizer and
carried, " That the bill as amended be bdopted with the earnest indorsement of

this Society, and that a Committee of three be appointed by the Chair to present

the same to the proper committee of the Legislature, urging its passage. Where
upon the Chair appointed as such Committee Messrs. Foss, Harper and Knight.

The following is a copy of said bill as printed for the council:

Section 1. That Sections 2031, 2032, 2033, 2034, 2037 and 2038 of the Fifth
Division of the Compiled Statutes of Montana be amended so as to read as follows:

§ 2031. Whenever any city, town or village shall be laid out, the pioprietor or
proprietors of the city, town or village or additions laid out, shall cause to be made
an accurate plat or map thereof, setting forth:

1. Ail streets, alleys, avenues and highways and the width thereof.
2. All parks, squares and all other ground reserved for public uses, w ith the

boundaries and dimensions thereof.
3. All lots and blocks, with their boundaries, designating such lots and blocks by

numbers, and giving all the dimensions of every lot and block so designated. Also
showing the angles of intersection of all boundary lines of such lots and blocks,
whenever such angle of intersection is not a right angle. Also the location of all

stone or iron monuments set to establish street lines ; also the exterior boundaries
of the piece of land so platted, giving such boundaries by true courses and dis-

tances; also the exact location of all section corners, or legal subdivision corners
of sections within the limits of said plat ; and the adjoining block corners of all

surveyed and adjoining additions.
In case no such section or subdivision corners are within the limits of the plat, it

shall show a connection line to some corner or inital point of the Government sur-
veys, if there be any such within one mile of such town site. All distances
marked on said plat shall be in feet and decimals of a foot.

An accurate survey of such town or village site or addition shall be made by a
competent surveyor, who shall mark all the corners of the lots and blocks so laid

out and shown on the plat, by substantial stakes or monuments. He shall set stone
or iron monuments at the points of intersection of the centre lines of all streets

where practicable. If not practicable to set such monuments at the points of in-

tersection of said streets, they shall be set as near such point as possible, and their
location shall be shown by marking on said plat the distances to the block corners
adjacent thereto. The top of such monuments to be placed one foot below the
surface of the ground, and the monuments shall be at least six inches by six

inches, by one foot in depth. If a stone is used it shall have a cross cut in the top
at the point of intersection of the street lines, or a hole may be drilled in the stone
to mark such point. Iron monuments should be at least three-quarters
of an inch in diameter by one foot in length. The dimensions of such monu-
ments to be marked on the plat. Such monuments shall establish permanently the
lines of all streets.

The surveyor shall also make and subscribe on said plat a certificate that he has
made such survey and plat according to the provisions of this act. stating the
date of such survey. And he shall make oath thereto before some officer author-
ized to administer oaths.

§ 2032. The proprietors of the land so platted, or their attorneys, duly author-
ized, shall make on such plat a certificate to be known as the Certificate of Dedi-
cation, which shall be substantially in the form following, viz.

:

We, do hereby certify that we have caused to be surveyed,
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subdivided and platted into lots, blocks, streets and alleys, as shown by the plat
and Certificate of Survey hereunto annexed, the following described tract of land,
to-wit: (Here describe land included in plat) to be known and designated as (here

give full name of town, village or addition) and the lands included in all streets,

avenues and alleys and parks or public squares shown on said plat, are hereby
granted and donated to the use of the public forever.
Dated this day ot A. D
This Certificate of Dedication shall be signed by all the proDrietors of the land

included in the plat, and by all persons holding mortgages thereon, and shall be
acknowledged by them in the same manner as required by law to entitle deeds to

be recorded.
§ 2033. All such plats of lands in or adjoining any incorporated city or town,

shall be examined and approved by the Council or Board in which the municipal
authority of such corporation is invested, and a copy of such plat shall be filed

with the Clerk of such corporation. A certificate of such approval, signed by the
City or Town Clerk, and also the certificate of the City Engineer of such city or
town, if there be one, that the plat conforms to adjoining additions or parts of the
city or town already platted, as near as the configuration of the ground will admit,
shall be written on tuch plat before the same shall be filed in the Recorder's office

of such county.
The plats of additions to unincorporated cities or towns shall be referred to the

County Commissioners of the county in which such additions are situated, who
shall examine them and see that they conform to the parts of the city or town
already platted, and who shall then, if they find the plats correct, attach their
approval thereto.

§ 2034. All plats of cities, towns or villages, or additions thereto, shall be made
on mounted drawing paper and filed and recorded in the office of the Recorder of
the county in which the lands are situated.
Before filing the same, the Recorder shall examine such plat and see that all the

requirements of this Act in regard thereto have been complied with.
The Recorder shall provide, at the expense of the county, a well-bound book of

mounted drawing paper, and of a convenient size for- public use, to be designated
" Plat Book No ,"' in which he shall make a true copy of every plat filed by him
under this Act, and of all certificates thereon (except that the scale and size of the
plat may be changed to fit the book), and shall certify to the correctness of such
copy, which book shall be a public record, and he shall safely keep the original
plat for inspection only, to test the accuracy and genuineness of such copy.
For filing and recording such plat, the Recorder shall receive as fees, the sum of

twenty -five cents for each lot or subdivision shown thereon to the number of one
hundred, and fifteen cents for each lot shown thereon in excess of one hun-
dred, Provided, that for recording any such plat showing less than forty lots or
subdivisions, he shall receive the sum of ten dollars, and that the fee for recording
any plats shall not exceed one hundred dollars.

§ 2037. The Recorder of each county in tnis Territory is hereby authorized and
required, within one year from the date of the passage of this Act, to provide
suitable Plat Books of mounted drawing paper, and to cause to be copied in such
books, all plats of cities, towns and additions thereto, and all subdivision plats of
land in his county with the certificates thereon, or attach to said plats, and to
certify to the same, as provided in this Act for plats hereafter to be filed, and shall
receive the same fees as provided in this Act, for recording such plats, which fee
shall be paid out of the County Treasury, and all original plats in his office shall
be safely kept by the Recorder, for inspection only.

§ 2038. Such plat must be recorded before any lots or blocks are sold or trans-
ferred by deed or contract, or leased, and the proprietor or proprietors of any
city, town or village site or addition, or any part thereof, shall forfeit or pay for
each lot so sold, transferred or leased, a penalty of not less than ten dollars nor
more than one hundred dollars. Such penalty may be recovered in a suit brought
in the name of the people of the Territory of Montana against such person or per-
sons so offending, and such penalty, when recovered, shall be paid into the County
Treasury of the county wherein said premises are situated, for the benefit of the
common school fund.
Any person cr persons who shall wilfully or knowingly destroy any stake, stone

or monument placed by any surveyor in this Territory, shall be deemed guilty of
a misdemeanor, and upon conviction thereof, shall be fined not less than ten dol-
lars, nor more than one hundred dollars for each and every stake, stone or monu-
ment so destroyed, which fine shall be paid into the county treasury in the county
in which the offense was committed, for the benefit of the common school fund.

§ 2. All laws or parts of laws in conflict herewith, are hereby repealed.

The President announced the receipt by him of a communication from Mr. Geo.

H. Pvobinson, calling attention to greatly needed legislation, looking to improving
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the laws affecting mineral locations and suggesting an outline of features to be

covered. The subject matter was a copy of a letter written to the Hon. Joseph

Davis, Member of the Legislature. The President stated that he had handed the

communication to the Committee having under consideration the paper upon
County Records, with request that they make such recommendations upon the

same to this meeting as to them might appear proper.

Mr. Foss, Chairman of the Committee, read the communication and reported

that the Committee had examined into the subject and would recommend the

adoption in the main of the law of Colorado upon the question, with seme amend-
ments, all of which were submitted

.

Mr. Sizer moved, " That the matter of mineral law, as reported by the Com-
mittee, be placed under discussion and acted upon section by section." Carried.

Mr. Foss read the report, embodying the laws proposed, each section being dis-

cussed. Amendments to same were moved and carried. During discussion a

motion, made for a recess of ten minutes, was lost.

After further discussion upon said report, the following motion prevailed :

" That Committee now reporting be instructed to draw up a complete bill, em-
bodying the views of this meeting upon the laws that should be made by the Mon-
tana Legislature affecting mineral locations, and to report at an adjourned meet-

ing to be held to-morrow evening.

[Adjourned.] J. S. Keeru, Secretary.

February 12, 1889:—Pursuant to adjournment of 11th inst., a meeting was
held at 8 p. m. at the office of Mr. Beckler. Mr. A. B. Knight, of Butte, was
elected chairman. There were present 12 Members and one visitor. The reading

of minutes of previous meeting was dispensed with.

The Committee having in charge the framing of a bill affecting mineral local

tions made a verbal report, and submitted the bill which they had prepared.

The bill was considered section by section, resulting in several amendments
being made. Upon the Committee presenting the bill as amended, Mr. Foss moved
its adoption by the Society. Mr. Keerl moved to amend by referring bill to an
attorney for his opinion, touching the consistency of its provisions with the

United States laws.

Considerable discussion was had upon this amendmeut to the motion, it being

held by those in its favor that the bill affected materially the mining interests of

the territory and would doubtless receive severe criticism from those affected;

that this being the first appearance of the Society before the Legislature it was
very important that the legality of the provisions of the bill should be inquired

into in advance by those most competent to judge. Those opposed held, that as

several members of the committee that had prepared the bill were United States

Deputy Mineral Surveyors whose experience in matters affected by the mineral

laws had been long and varied, their opinion as to the legal features of the bill

was at least as good as any other that could be obtained and that it would be a

needless expenditure to secure the opinion of a lawyer. A vote being taken on

the amendment resulted in its being lost.

The motion by Mr. Foss was then put and carried.

The following is a copy of said bill as printed for the House:

§ 1. That Sections 1477, 1478, 1479. 1483, 1484, 1485 and 1486 of the Fifth
Division of the Compiled Statutes of Montana be amended so as to read as follows:

REQUIREMENTS OF LOCATION.

§ 1477. Any person or persons who shall hereafter discover any vein or lode
bearing gold, silver, cinnabar, lead, tin. copper or other valuable deposits, or who
shall hereafter discover or locate any placer deposits of gold, or other deposits of
minerals, including building stone, limestone, marble, coal, salines and saline
springs, clay, sand or other mineral substances having a commercial value, may
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locate a claim upon such veiu, lode or deposit by defining the boundaries of the

claim in the manner hereinafter described, and by posting a notice of such loca-

tion at the point of discovery, -which notice shall contain:
1. The name of the lode or claim.
2. The name of the locator or locators.
3. The date of location.
4. If a lode claim, the number of lineal feet claimed in length along the course

of the vein each way from the point of discovery, with the width on each side of

the center of the vein, and the general course of the load or vein as near as may
be.

5. If a placer or mill site claim, the number of acres or superficial feet claimed.

Before the expiration of sixty days from the date of posting such notice upon the

claim, the locator or locators shail sink a discovery shaft upon the lode or claim
(mill site claims excepted) to the depth of at least ten feet from the lowest part of

the rim of such shaft at the surface; or deeper if necessary to show a well-defined

crevice or valuable deposit.

Any open cut, cross-cut or tunnel which shall cut a lode at the depth of ten feet

below the surface, or an adit of at least ten feet in length along the lode from
the point where the lode may be in any manner discovered, shall be equivalent to

a discovery shaft.

The locator or locators shall define the boundaries of his or their claim by mark-
ing a tree or rock in place, or by setting a post or stone at each corner or angle of

the claim. When a post is used it shall be at least four inches square by four feet

six inches in length, set one foot in the ground, with a mound of earth or stones
four feet in diameter by two feet in height around the post, surrounded by a cir-

cular trench six inches deep and one foot wide. When a stone is used, it shall be
at least six inches by six inches by eighteen inches, set two-thirds of its length in

the ground, with a mound of earth or stones alongside, surrounded by a circular
trench as above required; which trees, stakes or monuments shall be substantially
marked.

RECORD OF LOCATION.

§ 1478. Within three months of the date of posting the location notice upon the
claim, the locator or locators shall record his or their claim in the office of the
Recorder of the county in which such lode or claim is situated, by a location

certificate which shall contain

:

1. The name of the lode or claim.
2. Tne name of the locator or locators.
3. The date of location.
4. If a lode claim, the number of lineal feet claimed in length along the course

of the vein, each way from the point of discovery, with the width on each side of
the centre of the vein, and the general course of the lode or vein as near as
may be.

5. If a placer or mill site claim, the number of acres or superficial feet claimed.
6. The dimensions and location of the discovery shaft, or its equivalent, sunk

upon lode and placer claims.
7. The location and description of each corner, with the markings thereon.
The locator, or one of the locators, or the attorney duly authorized of a corpora-

tion, shall make oath to the above certificate before some officer duly authorized
to administer oaths.
Any location certificate which does not contain all of the information required

above shall be void.

RECORDS HERETOFORE MADE ADMITTED IN EVIDENCE.

§ 1479. All records of placer mining locations or locations of valuable mineral
deposits, which have heretofore been made in the county records of the county in
which the same may be situated shall have the same force and effect as though
such records had been authorized by law, except in cases where the rights of third
persons had been acquired before the passage of this Act ; and such records shall
be admitted in evidence before any court in the same manner as the records of
location of quartz or lode mining claims ; Provided, further, that the provisions
of this section shall only be construed to impart notice to the public of such claim,
but no person shall by reason of this section acquire any or further rights.

PROOF Of ANNUAL LABOR.

§ 1483. The owner or owners of any quartz lode claim who shall perform, or
cause to be performed , the annual labor or make the improvements required by
the laws of the United States, in order to prevent the forfeiture of the claim, may
at any time during the year, or within sixty days after the termination of said
year in which said work was done or improvements made, file in the office of the
County Clerk and Recorder of the county in which said claim is situated, an affi-
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davit or affidavits of the person or persons who performed such labor or made
such improvemeut, showing :

1. The name of the lode and where situated.
2. The number of days work done and the character and value of the improve-

ments placed thereon

.

3. The date or dates of performing said labor and making said improvements.
4. At whose instance or request said work was done or improvements made.
5. The actual amount paid for said labor and improvements; and by whom

paid when the same was not done by the owner or owners of said quartz claim.
The Clerk and Recorder of the count}' in which said affidavit or affidavits are
filed shall record the same in a book kept for that purpose, and be entitled to a fee
of one dollar for recording each separate affidavit. When the affidavits are made
jointly by two or more persons be shall be entitled to an additional fee of twenty-
five cents for each name after the first ; and said fee shall be the only one to
which the recorder shall be entitled for filing and recording said affidavit and in-
dexing the same.
The affidavit or affidavits named in this section, or copies thereof duly certified

by the Recorder of the county, shall be received or admitted in evidence in any
court of justice in this territory and be prima facie proof of the facts recited
therein.

AMENDED LOCATION BY THE OWNER.

§ 1484. If at any time the locator or locators of any mining claim heretofore or
hereafter located, or his or their assigns, shall apprehend that his or their orig-
inal certificate was defective, erroneous, or that the requirements of the law had
not been complied with before filing, or shall be desirous of changing his or
their surface boundaries or of taking in any part of an overlapping claim which
has been abandoned, or in ca=e the original certificate was made prior to the passage
of this law, and he or they shall be desirous of securing the benefits of this act,
such locator or locators, or his or their assigns, may file an additional certificate
subject to the provisions of this act; Provided, That such amended location does
not interfere with the existing rights of others at the time of such relocation, and
that no such amended location or the record thereof shall preclude the claimant or
claimants from proving any such title or titles as he or they may have held under
previous locations.

RELOCATION OF ABANDONED CLAIM

§ 1485. The relocation of abandoned lode or placer claims shall be by sinking
a new discovery shaft and fixing new boundaries in the same manner as if it were
an original location made under this act; or the relocator or relocators may sink
the original discovery shaft ten feet deeper, in which case the certificate of loca-
tion shall give the depth and dimension of the original discovery shaft at the date
of such relocation. In any case, whether the whole or part of an abandoned
claim is taken, the location certificate may state that the whole or any part of the
new location is located as abandoned property.

LOCATION SURVEYS.

§1486. Where a claimant shall have the boundaries and corners of his claim
established by a United States Deputy Mineral Surveyor, and his claim connected
with a corner of the public or mineral surveys or an established initial point, and
shall incorporate into his location certificate the field notes of such survey, and
shall attach to and file with the required location certificate, in the office of the
County Recorder of the county in which such claim is situated, a certificate by
the surveyor setting forth :

1. That said survey was actually made by him, giving the date thereof.
2. The name of the claim surveyed and the locators thereof.
3. That the description incorporated in said location certificate is sufficient to

identify the claim: such certificate and the certificate of the surveyor, or copies
thereof duly certified by the County Recorder, shall be received or admitted in
evidence in any court of justice in this Territory, and he prima facie proof of the
facts recited therein.

§ 2. Any claimant of a mining claim located previous to the passage of this act
may avail himself of the provisions of this section by making an amended loca-

tion of said claim in conformity with the requirements of this section.

§ 3. For recording the surveyor's certificate the County Recorder shall receive
a fee of one dollar.

§ 4. Any law or parts of laws in conflict herewith are hereby repealed.

Mr. Foss moved that the Committee be continued and that they be instructed

to present the bills upon Town Plats and Mineral Locations in proper form to the

Legislature of Montana. Carried.
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Mr. Keerl moved, that Committee be instructed to secure sixty copies of the

Bill on Mineral Locations for this Society and that they be handed the Secretary,

and that Secretary be instructed to send each member of the Society a copy, ac-

companied with a printed slip requesting Members to use all the influence possible

with their representatives looking to securing the favorable action of the Legisla-

ture upon said bill. Carried.

Mr. Foss moved that a vote of thanks be tendered Mr. George H. Robinson for

his able communication to the President of this Society, upon which was based

the bill just adopted ; that the Secretary notify Mr. Robinson of the action of

this meeting, and that his said communication be placed on file. Carried unani-

mously.

The Chair and others stated that they had seen several of the legislators relative

to the two bills adopted by this Society, and that they had expressed themselves

in their favor.

Mr. Ellison moved that it is the sense of this meeting that sufficient notice has

been given to Members of the regular meeting occurring the 16th inst. through

the ballot list for membership and the pending amendment to the Constitution,

relieving the necessity of the Secretary sending out special notices. Carried.

[Adjourned.] J. S. Keerl, Secretary.

February^, 1889:—The regular monthly meeting?was held at the office of

Mr. Beckler, Mr. W. W. DeLaoy in the chair. There were present Messrs. Elli-

son, Herron, "Walker, Kemna, Foss, Wheeler, Lothrop and Keerl.

Minutes of the three sessions of the annual meeting and of the two sessions of

the special meeting held the 11th and lith inst. were read and approved.

The Secretary submitted thirty-four letter ballots received upon the applications

for membership of Messrs. F. A. Ross, James MacFarlane and L. O. Danse, who
were elected to membership.

Thirty-one ballots upon the pending amendment to Sec. 1 , Art. I. , of the Con-

stitution to strike the word civil from the name of the Society, were examined by
the tellers, Messrs. Wheeler and Kemna, who reported 15 votes aye and 16 nay.

The report of the Committee upon transfer of members from one Society to

another being called for, Mr. Kemna, of that Committee, stated the Committee

was not prepared to report, and asked for an extension of time, which was given.

The Committee upon permanent quarters and library reported progress and
requested that two more members be added to their Committee. The Chair ap-

pointed Messrs. Foss and Ellison as additional members to serve upon the Com-
mittee.

The Committee on Memorial to the Legislature praying for the establishment

of proper remuneration for expert testimony, submitted a verbal report, stating

the receipt of correspondence with the American Society of Civil Engineers and
the Engineers' Club of St. Louis, relative to the custom in New York and Mis-

souri, being to the effect that the law in these States did not cover the feature of

providing suitable remuneration, but that it was customary to arrange with
principals the amounts that would be expected. The Committee stated that to

proceed further and frame a proper memorial, they should have the assistance of

a lawyer, as an extended knowledge of the statutes of Montana^would be essential

in covering all the legal features involved that the Memorial might stand the

test of legal criticism. The report of the Committee was received and laid on the

table.

The further consideration of the motor line crossing of Main street, Helena,
heretofore discussed, was postponed until such time as Mr. Cumming may lay

before a meeting a map and profile of Sixth avenue as far as affected.

Mr. Foss, Chairman of the Committee having in charge the framing of the two



250 ASSOCIATION OF ENGINEERING SOCIETIES.

bills adopted at the special meetings of the 11th and 12th inst., presented a bill for

clerical services for $6, which was ordered paid.

The Secretary was instructed to secure bids for printing the list of members
and to report at the next meeting.

The Chair appointed as the Committee on Topics for the current year Messrs.

Ellison, Walker and Hovey.

It being reported that Mr. Farmer was now located in Utah and would, there-

fore, not be able to act upon the Committee on Highway Bridges, the Chair ap-

pointed Mr. Ellison in h's place.

A communication from the Engineers 1 Club, of Kansas City, of January 18,

1889, was read relative to the action of that body upon the question of bridge

reform. A bill had been prepared and presented to the Legislature of Missouri, a

copy of which they inclosed, and urged upon this Society similar action with our

Legislature. The communication was referred to the Committee on Highway
Bridges for report at next meeting.

Mr. R. J. Walker>ead a paper upon the "Manner of Conducting Public Land
Surveys in Montana," which proved very interesting, and was discussed at some

length. Mr. Walker's paper was referred to a committee of three, appointed by

the Chair, to report at the next meeting a memorial to Congress looking to remov-

ing the objectionable features now surrounding the manner of conducting public

land surveys in Montana. The Chair appointed as such Committee Messrs.

Walker and Foss, and, upon the request of the meeting, added himself as chair-

man of said Committee.

!
[Adjourned.] J. S. Keerl, Secretary.
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Fellow Members :—At the formal request of the Government of this

Society I appear before you this evening to deliver an annual address.

This is a new departure for the Boston Society of Civil Engineers.
When the suggestion was first made I felt disposed to turn a cold

shoulder to the proposal, but as the possibilities for good in the future
unfolded themselves to my imagination, I resolved to undertake the
task in the hope that the future Presidents may build their structures of

more complete proportions upon the foundation here laid.

It is profitable for the members of every profession to assemble at
stated intervals to listen to words of encouragement or to scan the hori-

zon together and confer as to what progress their common cause is

making.

It is already known, perhaps, that 1 take a somewhat bright view as
to the future of the civil engineer in this country. Everything seems to
point in that direction. The rapid and solid growth of this So-
ciety from a mere handful a few years ago, to the present large
membership, is but an index and example of the changes taking place
over our broad land. "Who of us has not felt the stimulus and advan-
tages of our interesting and growing meetings and our social reunions. I

see no reason why in the course of time those two annual gatherings,
one for the absorption of mental food in the shape of annual addresses
and that other happy occasion which we have already dedicated to the
absorption of another kind of food, may not come to be looked forward
to as festivals of our local fraternity.

The stronger this fraternal feeling becomes, the steadier and more
rapid will be our growth by the side of our sister professions, which
already occupy so high a place in the regard of our fellow men. We
sometimes hear law, medicine and theology referred to as the three
learned professions, but when we consider the ever forward march of
progress in the world, the increasing calls for the highest talents the
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brightest minds and the most unremitting study, in the production of

those material works which an advancing civilization demands for the

welfare of the race, it requires no prophetic eye to see that the civil

engineer will soon enter the list of professions which compete for the

upholding of the social compact.

I have alluded to the changes rapidly taking place in the civilized

world. Is not the false standard by which the past has measured its

heroes giving place to a better judgment? Do the military conquests of

a Caesar, an Alexander or a Napoleon challenge the admiration of man-
kind as they once did ?

Is there not already a better appreciation of the noiseless though
mighty work of a Newton, a Stephenson, a Bell, an Edison, a Francis or

an Eads ? I think we may depend upon it that in the wonderful strides

which science is making all over the world the profession of the civil

engineer will not suffer. I am well aware that for the engineer to be

properly paid for his services will require a radical change in many
directions, but perhaps these movements may be hastened by the free

circulation of ideas and the educating and broadening influence of just

such organizations as our own. Within the sound of my voice, and cer-

tainly within the boundaries of this Society, are men who are giving

their life's best services to the advancement of the interests of large cor-

porations for the veriest pittance. Particularly is this true of railways,

and in a more marked degree in New England than in other portions of

the country. I can speak on this subject both from investigation p„nd

from personal experience, and I know that it is perfectly possible to find

men whose labor is so unremitting from early morn until late at night,

and even during the whole seven days of the week, that they have hardly

time to call their souls their own, whose resources and responsibilities

are taxed to the utmost for a compensation so meagre that a respectable

existence is almost the only reward. The expenditure of hundreds of

thousands of dollars, and even millions, is often controlled and designed

by men whose salaries hardly exceed the pay of a good foreman.

On such an occasion as this, however, the mind should not be al-

lowed to dwell long on the discouraging side of any question; let us turn,

therefore, to other and brighter scenes.

In casting about for a subject for this address I found no precedent to

guide me, for, as far as I have been able to learn, this is the first address

of a president of a society which has an honorable organization extend-

ing back to the year 1846.

Instead of roaming over the broad and attractive fields of the pro-

fession,! thought, perhaps, it would be more instructive, and at any rate

as appropriate, to take one or two subjects near at hand; and, in fact,

drawing a line around our own commonwealth there is quite enough

within her boundaries to occupy our attention for a number of even-

ings.

To be sure, we have few mighty rivers to span. No grand suspension

bridges, no long steel arches, no jetties like those at the mouth of the

Mississippi, no mighty dams, and no lines of railway like those which

link together the vast regions of the West, adorn our borders. Still

Massachusetts is making satisfactory progress. Her population has
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grown in the ten years—1875-85—17.5 per cent. Her products have in-

creased steadily from $158,000,000 in 1850 to $631,000,000 in 1680. Even
agriculture, which is supposed generally to be on the wane, shows an

encouraging advance. The increase of farming produce in ten years,

according to the last state census, was shown to be 28.8 per cent. There

are some achievements of engineering skill in our State- to which we
may refer with pardonable pride. Of many of them I cannot speak to-

night, and of others only in the most cursory way. I suppose in the

development of our municipal engineering we are hardly behind our

sister States. Our water-works and sewage system have been much
praised outside of our own borders and even by foreigners who have

visited our shores. These have already been sufficiently described and

illustrated. Your time would be wasted were I to dwell on them.

In the development of water-power used for manufacturing purposes

Massachusetts stands second in rank among the States of the Uni^n.

New York takes the lead and Pennsylvania stands third, but if we take these

three great hydraulic centres, Hoiyoke, Lowell and Lawrence, where the

power of 35,000 horses is daily utilized from the flow of the Connecticut

and Merrirnac Rivers, we shall hardly find their equal, as far as the

scientific development of power is concerned, in any portion of the globe.

It is to these three places to which I wish to take you in imagination this

evening. In order that the principal points of interest may be fully

illustrated, I have had some fifty views taken and lantern slides made so

that we can follow the description with the stereopticon.

LAWRENCE.

If Lawrence is smaller, as a water-power centre, than either of the

places mentioned, we shall find the works simply and systematically de-

signed, the mills compactly built in continuous lines along the river, and
that certain hydraulic problems have been studied, which have not been
considered elsewhere.

The water-power was developed by the building of the dam 1845-8.

Mr. Charles S. Storrow, one of the most accomplished engineers of his

time in Massachusetts, designed and built the Lawrence Works.
I am happy to say that Mr. Storrow is still with us to-day, hale and

hearty, and that he takes an active interest in the advances of his pro-

fession.

The dam, which has a length of about 900 feet, is slightly curved in

plan. It is solidly built of masonry and founded on a bard slate rock
which has shown very little scour under the action of the water-fall.

Its maximum height is about 40 feet and it is 35 feet wide at the base.

From the dam there are two canals which convey the water to the
mill3, one on each side of the river. As the south canal is quite short

and comparatively unimportant in its present stage of development, the
north canal is the only one which need engage our attention this even-
ing. This canal is a mile in length and follows parallel to the river, dis-

charging at its terminus into the Spicket River, at its confluence with
the Merrimac.

Between this canal and the river are thickly clustered the celebrated
mills which have given Lawrence a world-wide fame. They take their
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water from the canal on the one side and discharge directly into the river

on the other.

Here we will find the great Pacific Mills, with their 23 buildings,

160,000 spindles and 5,300 employes; the Atlantic Cotton Mills, with

101,000 spindles and 1,200 employes, and the Washington Mills, with 2,660

employes. The other principal mills are the Pemberton, Arlington,

Everett and the Lawrence Duck Company, with a host of minor cor-

porations.

The gate-house at the head of the north canal contains six sets of

gates. Each gate is in four leaves, which are raised one at a time as the

screw is turned, until all four are up. This work is done by hand-power.

This kind of gate is no longer in use at either Lowell or Holyoke.

Each leaf is 3 feet high by 9 feet wide. A lock at the side of the gate-

house allows the entrance of boats to the canal and another set of three

locks at the other extremity of the canal gives an outlet to the river.

. The north canal is not rectangular in section. It is 100 feet wide at

the upper end, 60 feet at the lower end and has a depth of 12 feet in

the centre. On the sides are two shallow walls, then a berme of 8 feet

and then slopes of two to one to the bottom. It will be noticed that the

section is not a favorable one for measuring the flow of water. The fall

of the water is about six inches in the one mile of canal. The head from
the canal to the river averages uniformly about 28 feet for its whole
length, and this is the measure of the power at Lawrence.

The number of water-wheels is 59, of which 20 are Boyden, 14 Swain,

9 Hunt, 5 Risdon, 3 Hercules, 3 Victor, 3 Leffel and 2 National. This is

perhaps a favorable place to say a word in regard to water-wheels. The
old Boyden, at speed gate wide open, or running at full gate as it is

called, has never beeen surpassed in duty by other wheels, but it is a

poor wheel for economy when the speed gate is partly closed. There

are several wheels now manufactured which are very much cheaper

and which are better than the Boyden at partial gate. It is questionable,

however, if any of them will prove as durable, for there are Boyden
wheels now in use which have been running for many years with very

slight repairs. Notwithstanding this fact, it is extremely doubtful

whether many more Boyden wheels will ever be built. The advantages

of procuring a more economical wheel in duty, for less than one-half

the price, and ready made, like a pair of shoes, to put into instant service,

are too apparent. Again, the exigencies of manufacturing often require

an increase of power and several of the modern types of wheel can be

taken out and another inserted with the greatest facility.

There is now a movement toward horizontal wheels. These can, of"

course, be attached directly to the shaft which runs a mill without the

intervention of heavy gearing and the consequent loss of power.

Another advantage in the horizontal system comes from the avoiding

of the wearing of the step. On the other hand, there are special difficul-

ties in the horizontal system which have to be overcome. The draft

tube which carries the water to the tail race must be perfectly tight to

secure thf; benefit of the fall, for the slightest amount of air would im-

pede the useful effect of the water. There are eight horizontal wheels

in use at Lawrence. The one which you now see on the screen is in the
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Wright Manufacturing Company's mill. There is a large field for a

good set of experiments on this type of water motor; in fact, the farther

one goes in the study of hydraulics the better satisfied he becomes that

the science is by no means exhausted.

In the Atlantic Mills may be seen the four original Boyden wheels

substantially as they were set by Boyden himself. They are still in use.

In the Washington Mills are 40-inch horizontal wheels. In the Everett

Mills can be seen an old 93-inch Boyden, and by its side a 54-incb Her-

cules, both fed by an iron penstock 8 feet in diameter.

The finest wheel-room that I have found anywhere is in the Pacific

Mill. Here three Swain wheels are systematically geared to a large

shaft. The belt well, where the power is transferred to the different

floors, is worth visiting. The longest belt measures 250 feet.

Nowhere else has the problem of the accurate measurement of the flow

of water supplied to the different mills received more thoughtful study

than at Lawrence. Mr. Hiram P. Mills, the engineer of the Essex Com-
pany, has already made an enviable reputation for ability and care in

this particular branch of hydraulic work.

Although few of the Lawrence experiments have ever been published,

it is expected that when the Lawrence hydraulic experiments are given

to the world they will prove as interesting as the Lowell book, which is

known wherever the science is studied.

The canal at Lawrence, as I have already stated, is poorly adapted to

accurate measurements of flow. Aside from this fact there is an objec-

tion to estimating in this way the surplus water to be paid for by the

mills. Each corporation under its deed has the right to a certain per-

manent power which forms perhaps at any given time of measurement
the great bulk of the flow. The surplus or the small percentage over

and above this fixed amount is the quantity which it is necessary to

measure with the greatest possible refinement of method, and yet owing
to the difficulties in measuring precisely large quantities of water the

error of measurement may be the very sum which the mill may be

called upon to pay. To get at the quantity supplied to my mill, from
measurements made in the canal, two measurements aif> necessary, one
above the intake to the mill, and the other below this point, the dif-

ference between the two giving the supply to the mill. Should, how-
ever, the errors both be in the same direction, the surplus of the mill

might be largely affected. At Lawrence the measurements are prefera-

bly made in the penstocks by one measurement which gives the quantity

flowing to each wheel as a check on the flow computed from the head
and fall at each wheel. The measurements in the penstocks cannot be

done by the ordinary methods pursued by engineers, and has led to the

use of the Pitot tube, which has been so modified and perfected that all

the heads due to velocities in different portions of a section are brought
up to one key-board, where they can be conveniently read.

I regret that I cannot give you farther details with views of this

interesting work. This portion of the hydraulic problem is the feature

of the Lawrence methods, and its development will be watched by all

engineers with interest,

A pleasing feature connected with the construction of the Lawrence
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mills is the location of the tenement houses for the employes. They
are situated on the opposite side of the canal to the mills, are built of

brick and surrounded with shade trees, making an interesting out of

what is too apt to be an ugly part of the landscape in a manufacturing
centre.

A mill power at Lawrence is the right to draw 30 cubic feet per

second for 16 hours on a fall of 25 feet.

LOWELL.

The history connected with the development of the water supply of

Lowell is an extremely interesting subject, but one to which we can
hardly do justice this evening.

It will be sufficient to recall to your memories that the Pawtucket
Canal, one of the principal feeders of the Lowell system, was opened in

1796 for navigation around the Pawtucket Falls. It is about li miles across

the bend to the Concord River just above its confluence with the

Merrimac. One of the strong incentives for building the canal was the

fact that logs from New Hampshire had to be hauled across this bend to

escape the falls. In 1822 those far-sighted and energetic men,
Lowell, Appleton, Jackson and Boot, obtained control of the wattr-

power, and proceeded to develop it for manufacturing purposes. The
first wheel was started in the Merrimac Mill in 1825. Lowell to-day is a

prosperous city of about 75,000 people, and it is safe to say that she owes
a large share of the good character of her inhabitants and her institu-

tions, to the names I have mentioned, who, along with the mills which
they erected, built the church, the school-house and the library.

As we examine the ground plan of the present works we notice a com-
plexity of lines which seem to lack simplicity in design. The canals

have, in fact, been built at various periods, as exigencies have
arisen, and they seem to run around in every possible direction.

Even the dam itself, a structure which we are accustomed to

look upon as either straight or curved in plan, seems

overcome with the general disorder, and wanders about at all conceiv-

able angles, in some places parallel with the current. Notwithstand-

ing this, there has been a most intelligent supervising power in it all,,

and as we study into the details we find there has been good ground for

every step of growth. However, any one who desires to carry the whole

of the Lowell plan in his head will have to return to the study of the

subject again and again. It will be noticed that, unlike Lawrence, the

Lowell works are all situated on one side of the river only.

The present dam is of masonry, and of the section shown on the

screen. The portion built in 1887, was laid of dry ashlar, and as some of

the stretchers afterwards moved out of place the new dam was laid dry

and grouted course by course with pure Portland cement. By this

method of construction, even if the cement should fail, there could be

no settlement in the mass. The length is 1,093.5 feet and the height

varies from 2 to 16 feet, excepting in one deep hole, where the

foundation was 38 feet below the crest.

The dam backs the water in the river a distance of 18 miles, or about

twice as far as does the Lawrence dam, and thus provides an immense
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reservoir for the storage of the flow of the river during the night, at

which time no water is used in the mills. The present dam was built

in 1875-6 by Mr. James B. Francis, Member of this Society, whose fame
as a hydraulic engineer extends into every land where the science of

hydraulics has a foothold. Mr. Francis has designed nearly all of the

Lowell works.

The great North canal will long remain a monument to his skill. I

have already called your attention to the course of the canals around

and through the city. The Pawtucket Canal was the old one, as you will

remember, running across the bend of the Merrimac and uniting with

the Concord River. The Northern canal, which is a beautiful piece of

engineering construction, follows closely the bank of the main river for

a portion of its length. In the view now on the screen you will notice

the great wall which separates the canal from the river.

The head gates to both canals are operated by water-power, but differ-

ently applied. The Northern canal is fed through ten gates, each 8 feet*

by 15 feet. They are operated from a line of shafting driven by a turbine

wheel.

In the gate house at the head of the Pawtucket Canal there are five

gates each 9 feet by 10 feet. The spindles of these gates are connected

with a piston in a cylinder, and the gates are raised and lowered by
pressure from a water main.

Over one of the locks in the Pawtucket Canal is a high building, in

which hangs an enormous wooden gate suspended from a truss by an
iron link. To lower the gate, the huge link must be cut through with

cold chisels. The history of this great gate is interesting. Mr. Francis,

fearing that a freshet might some day arrive which would overflow the

canal and flood the city, constructed this gate in such a manner that the

link could be chipped through, the gate dropped and the city saved. It

is said that there were many men who wagged their heads knowingly

at this seemingly unneccessary precaution. Some even went so far as

to call it " Francis' Folly." Strange to say, only a short time after its

completion, the disastrous freshet came, the giant gate was cut loose

and the city protected from inundation. It would be invidious to say

that some men are born lucky, but I have heard the remark made by
aspiring engineers when looking at this gate.

The Northern canal is 100 feet wide and about 18 feet deep. It cost

$500,000 and carries twice as much water as the Pawtucket Canal. The
river wall is 36 feet in height, and of the section shown on the screen.

It is provided with waste gates and overflow, a short distance below the

dam. There are six smaller canals forming a net-work in the city and
distributing the water brought by the two great feeders to the mills, in

all about five miles of canal. They are of rectangular section and about

10 feet in depth. The Moody street feeder is a covered structure of three

arches, each of 10 feet span. Its length is about one-quarter of a mile

and it was built to connect the Merrimac and Western canals. Its cost

was $86,000.

The total fall at Lowell is 33 feet, mostly distributed in two levels of

14 feet and 19 feet respectively. About one-sixth of the water is used
on the whole fall and the remainder on the two levels just mentioned.
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A mill power is defined as the right to draw 25 cubic feet per second on
a 30 feet fall for 15 hours. The power is all owned by the proprietors of

the locks and canals on Merrituac River, a corporation which in turn

is owned and controlled by the mills using the power under perpetual

leases. The price of water-power is consequently very low, something
like $3.53 per horse-power per annum. There are 77 turbine wheels in

use, of which 50 are Boyden, 26 Swain and 1 Humphrey. One of the Boy-

den wheels is 13a inches in diameter.

The method of measuring the water supplied to the mills varies some-

what from that in use at Lawrence or Holyoke. We cannot go into

very full details, but it will be readily understood that circumstances

and construction have everything to do with methods of measuring the

flow, and that what answers well in one place will not always be applic-

able in another. There are no piezometric observations as at Lawrence,

but careful flume measurements made in the canals take their place. I

have had a slide made of one of these measurements in course of opera-

tion. A section of canal is carefully prepared for this purpose, and the

velocities are taken by means of long tin tubes, weighted, and which
are floated between known points and their direction and time taken.

At Lowell there is no room to measure the water running in the tail

races, as the mills are built directly over the river.

The velocity in the canals is very considerable. I have often noticed

the water running as fast as 3.5 per second. It is always interesting for

a hydraulic engineer to form some rough idea of the quantity of water

flowing in any water supply system, although in the absence of uniform

standards for estimating large quantities of water it is not always pos-

sible to convey to others a definite idea by the same unit. On one visit

I found the canals carrying over 5,000 cubic feet per second, which
would practically empty Lake Cochituate in one day. At this same time

they were using rather more than this at Holyoke, 7,000 cubic feet per

second, coimting the day and night run, 4,000 cubic feet per second dur-

ing the day and 3,000 during the night. One of the perfections of the

Lowell system is that the water-power is all utilized practically without

waste.

The Merrimac River, which turns the wheels of Lawrence, Lowell and
other large manufacturing towns, is said to be the most noted water,

power river in the world, for nearly its whole course of 100 miles from

its sources to the sea its power is utilized. It has been estimated that

there are 100 miles of reservoir surface at its upper waters which afford

unsurpassed reservoirs for equalizing the supply. These make the

river remarkably steady in flow. Again, the fall of the stream, while

only averaging 2-J feet to the mile, is concentrated at a few points and at

rocky falls, which enables the power to be easily developed. This same
cause contributes to prevent those sudden and extraordinary freshets

which visit Southern and Western rivers.

The area of the water-shed above the dam is about 4,000 square miles.
' Any one desiring to go farther into the details connected with the

Lawrence and Lowell powers will find able and interesting articles in the

10th census from the pen of Professor Swain and one on Holyoke by

Professor Porter.



ADDRESS OF THE PRESIDENT, BOSTON SOCIETY. 259

Lowell has been called the incarnation of a hive of industry. There

are about fourteen and a half millions of dollars invested in its ten

largest corporations. These are the Merrimac, Hamilton, Appleton,

Lowell, Middlesex, Tremont and Suffolk, Lawrence, Boot and Massa-

chusetts Mills, and the Lowell machine shop and the Lowell bleachery.

The number of spindles is 846,000, employes 18,000, and nearly five mil-

lions of yards of cotton cloth are woven weekly. Besides these ten large

companies there are numerous smaller corporations, engaged in the man-
ufacture of all kinds of articles. In addition to the water power em-
ployed, seven of the above mills have 140 steam engines of 18,150 total

horse power and they use 57,844 tons of coal yearly, while their weekly

pay roll amounts to $81,038. In the Lowell machine shop a mill of 40,000

spindles can be fully supplied with machinery in three months' time.

I do not intend to weary you to-night, however, with long columns of

statistics, however strong the temptation may be, and so will pass at once

from the Merrimac t<"> the Connecticut Eiver.

HOLYOKE.

Holyoke boasts the largest water-power of any of the great manufact-

uring centres of Massachusetts. Here the whole of the Connecticut

River, with its 8,144 square miles of water shed, is captured and turned

into mill powers. The capital used is about $15 000,000, and 12,000 hands

are required to run the various mills. The water-power developed dur-

ing the day is about 15,000 horse-power, and in the night about 8,000.

The visitor cannot but be impressed with the excellent design of the

works, built in 1849. I refer particularly to the systematic and compre-

hensive plan. The canals were so placed that very little alteration has

been necessary as the power has been developed.

If we had time to glance at the historic side of the Holyoke works we
should profit from many interesting engineering lessons, such as the car-

rying away of the fir?t dam and the many defects in the present one.

Fortunately this matter has already been ably presented to the society

by Mr. Clemens Herschel, the engineer of the Holyoke Water-Power
Company, in a paper describing the dam, the dangers from decay and
the steps taken for its preservation.

For the benefit of those who did not hear the paper I will simply state

that the cob work of which the dam is constructed was filled with a

grouting of gravel ingeniously applied, The height of this structure is

35 feet; length, 1,017 feet, and 13 feet of water have passed over its crest.

The bottom course of timbers was bolted to the ledge on which it

rests. The apron which you have seen in the views was an after-

thought, and only added when it was found that the force of the water
was wearing a great hole in the rock. This apron is 50 feet wide at the

base and its cost was $263,000.

In connection with the dam there are the abutments, the bulkhead
for the canal, the lock walls, waste weirs and gate house.

The bulkhead to the canal is 40 feet wide and is pierced for twelve
large gates, each 8 feet by 15 feet, and two smaller openings. These are

covered by a brick building which forms the head gate house. The open-
ings are controlled by massive wooden gates, which are operated by a



260 ASSOCIATION OF ENGINEERING SOCIETIES.

shaft and gearing worked by a turbine at the dam end of the gate house.

The waste weir in the canal just below the gate house is an important
piece of masonry, pierced at its lowest level for gates to empty the canal,

and surmounted by a long overflow and flash boards in the usual man-
ner. The total fall at Holyoke is 60 feet, to which the dam contributes

35 feet, and the rapids below the dam 25 feet more, a splendid power
when we consider the large volume of water flowing in the Connecticut.

There are three levels in the canals. The first has a fall of 20 feet to the

second, and the second 12.5 feet to the third, from which the water

escapes again to the river with a fall of 27 feet. The first canal is rect-

angular in section. It is 150 feet wide at the upper end and there is a

gradual reduction in width throughout the system to 100 feet in the

third canal. The general depth of the water is from 8 to 10 feet.

The canals have been well designed for control by a small force. A
single man stationed at the junction of the first and second level does the

principal work. This po'nt is but a few steps below the gate house so

that the same man can work those gates also. The overflow from the

second canal into the river is within convenipnt reach of the same gate

keeper. This view shows the second level, the gate house which con-

trols the waste to the river, the overflow from the upper level 40 feet in

length, and the lock. There are also gates in the bulkhead. By means
of these arrangements water can be fed to the tecond canal independ-

ently of the discharge from the mills on the higher level.

The first canal is more than a mile in length. The second is parallel

and but a short distance from the first, but the third canal is at a consid-

erable distance from the others, with a large part of the city between.

The course of the third canal is parallel with the river. A waste weir

80 feet in length at the end of the second canal discharges surplus water
into the third and there is still another leading from the third canal into

the river.

There are some points in which Holyoke differs materially from Low-
ell and Lawrence. There is comparatively little steam used, as the river

with its large fall is sufficient to do nearly all the work required. A
large number of the mills are paper mills running night and day from
Sunday night to Saturday night, six days out of the seven. Under these

conditions of manufacturing, the large flow of the stream is an impor-

tant factor in the development of the power. At Lowell, for instance,

there is the run of ten hours and the rest of fourteen, during which the

large mill pond above the dam can fill up. At Holyoke a mill pond of

greater capacity than that necessary to store one day's flow is useless.

The paper industry at Holyoke is the largest in the United States.

According to the tenth census, there were, in 1882, twenty-three com-
panies engaged in this branch of manufactures, employing 4,000 hands
and turning out a finished production of from 150 to 160 tons per day.

The quality and Variety of the paper is astonishing. The fine grades of

writing paper are said to rival any in the world. Besides the paper milk
there are many other extensive manufacturing establishments, but the

mills strike the visitor as older and not as fine as those at Lowell and
Lawrence.

The method of measuring the water at Holyoke is somewhat different
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from that pursued at the other places already described. The measure-

ments are based entirely on the observations on the water wheels which

are made to act as their own motors without other check. Before the

wheels are set. they are put into the testing flume and their duty care-

fully measured for several openings of speed gate and under different

heads. From these tests curves are plotted for the various conditions of

service. This testing of water-wheels is a specialty at Holyoke and no

where else in the world are there the same facilities for doing this work.

A flume designed for the purpose by Mr. Herschel has been built by

the Holyoke Water Power Company at an expense of about $30,000.

When it is desired to test a wheel at any other place than Holyoke a

special arrangement of apparatus must be improvised and such a test

may easily cost $2,500.

The Holyoke Water Power Company are ready to do this same work
at any time for $100 to f150, consequently wheels from all parts of the

country are sent to them to be tested.

The flame consists essentially of a large masonry chamber to which
the water is brought by an iron trunk from one of the canals. The flume

is built so as to facilitate the easy setting up of a wheel, the application

of the Prony brakes and the measurement of the water over a 20 foot

weir having a capacity of 200 cubic feet per second. Over the whole is

a substantial building containing repair shops and offices. Wheels are

usually tested for five or six openings of the speed gate and at five or six

different velocities of revolution at each opening, or about thirty experi-

ments in all. The wheels to be tested are swung into the building by a

traveling windlass and lowered into the wheel pit. The power is weighed
by a Prony brake consisting of a cast-iron pulley surrounded by a hollow

brass band through which a stream of water is allowed to circulate. A
bent lever and weights hold the band and pulley in place. There are five

sizes of pulleys and bands. To enable the observer at the brake wheel,

the one at the head gauge and the one at the weir to take simultaneous

observations at intervals of one minute, an electric clock is rigged to

ring three bells at the same instant. The masonry of the testing flume

is so perfectly laid that under 20 feet head it is scarcely damp on the in-

side.

Of the 134 wheels at Holyoke, 74 are Hercules, 33 Boyden, 9 American,

8 Tyler, etc. The Hercules, which is so largely used at Holyoke and
elsewhere, is a high duty wheel, economical, ready made and can be

easily set and taken out. By means of its ample water-power, Holyoke
has grown from a mere village to a city of 30,000 inhabitants. The Water-
Power Company, whose franchise was purchased of a bankrupt corpora-

tion in 1859 for a small sum, is now a wealthy corporation whose stock

s&lls at about 250 and whose dividends are about 15 per cent. In addi-

tion to disposing of water to the mills, the company has 'built several

mills which are leased for water-power purposes. A mill power at Holy-

oke is the right to draw 33 cubic feet per second on 20 feet fall for 16

hours, or 86.3 theoretical horse-power. If a turbine gives 80 p. c. duty,

a mill power would yield 69 horse-power.

COAST WORKS.
An examination of the coast of Massachusetts will show that the gen-
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era] government has expended a large amount of money in works of an
engineering character, principally in the improvement of the harbors.

As engineers we should be thoroughly informed in regard to the pur-

pose of these works and their failure, if any, to meet the expectation of

those who designed them. I shall not attempt to go into the details of

the minor work, such as dredging, the removal of sunken rocks and
ledges, and the erection of lighthouses ; still I think it will be profitable

for us to-night to take a little trip in imagination along the shore, stop-

ping at points of special interest, en route, and attempt the pleasant task

of fixing in our minds their particular characteristics.

Starting from the north, the mouth of the Merrimac River is the first

part of the coast on which the Government has expended any money.
Here, a short distance up the river, is the interesting old town of New-
bury port. A sand bar, formed by the sea, limited navigation to a depth
of from six to seven feet. Two stone jetties have been partially built,

tending to confine the current of the river to a narrow channel. These

jetties are built with a slope of two to one on the outside, and one to one
on the inside, and they are both together something more than a mile in

length. They will be fifteen feet wide at the crest, which is twelve feet

above mean low water. The bar has already been deepened about five

feet, and about five feet more remains to be scoured out to complete the

plan, giving seventeen of water in all.

About $170,000 has been expended in dredging the river as far as Law-
rence. Including the jetties, $375,000 has been spent by the United

States in this neighborhood. One of the common effects of jetty build-

ing is to concentrate the currents or to change their direction to such an
extent as to deepen the ground parallel with the lines of the jetties,

causing them to settle.

Sometimes the discouraged engineer finds an enormous hole at the end
of the uncompleted work, which has to be filled with quarry grout, and
this goes a long way toward eating up the 10 per cent, for contingencies

usually allowed in engineering estimates.

A short distance south of the Merrimac we come to Cape Ann, and
here we find a project under way for building a harbor of refuge, which,

if carried out, will be the largest artificial harbor in the world, not ex-

cepting the far-famed harbor of Cherbourg. The Sandy Bay breakwater

is building in water from 7 to 90 feet in depth. It is composed of rubble

stone 40 feet wide at a point 22 feet below mean low water. On this

foundation it is probable that a heavy sea wall will be built, but the

plans for the superstructure have not yet been adopted. The anchorage

capacity of this magnificent harbor of refuge has been estimated by
Major Raymond at 5,000 vessels of all classes. The cost has been esti-

mated at $5,000,000 without buoys, forts or lights, and these will cost

half as much more.

At the present rate of progress, as limited by the yearly appropriations

of Congress, there is a remote possibility of our great-grandchildren

living to see the work completed.

The only particular point of engineering interest in connection with

the construction of the great breakwater is the self-dumping scows,

owned by Messrs. Rogers & Scripture, the contractors. They are built for
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use in heavy weather. On each side of a central division are two longi-

tudinal water-tight compartments. The stone is placed in the central

space, and on being towed to the site the bottom trips out and lets the

stone down.

While on the subject of scows, I will show on the screen another kind

of self- dumping scow which was successfully used by the inventor, Mr.

Edwards, in the construction of the Newburyport breakwater. This

scow is adapted to shallow water work and where there is no exposure

to heavy seas. The stone is placed on the deck, which is rigged on rollers

on a slight incline. On reaching the dumping ground, the deck is allowed

to roll a few feet to one side, which causes the scow to tip and thus

shoots the stone out, after which the deck returns to its place

again. The idea is an ingenious one, and may not be familiar to many
present.

At Gloucester $10,000 has been spent in the removal of rocks, and the

engineer corps have planned a system of jetties, for which they have

asked from Congress three quarters of a million of dollars. We must
not pass by the Thacher Island lights without some recognition of their

beauty and importance. The twin granite towers are carried to a height

of 165 feet above the sea, and they support two fixed white lights of the

first order, which are the joy and pride of every mariner who navigates

the coast.

At Salem and Lynn harbors a considerable amount of dredging has

been done. At the latter $60,000 has been expended, affording a ten-

feet low-water channel to the harbor commissioners' line.

We now arrive at Boston, the second commercial port on the Atlantic

seaboard, and one of the best and most beautiful harbors in the world.

Among the different works executed by the general government in Bos-

ton harbor, there are two only of sufficient importance to challenge our
attention. These are the sea walls built around the islands for their

protection and the extended dredging operations in the upper and lower
middle channel, between Castle and Governor's islands. We shall over-

look, for the time being, the forts, navy yard and Minot's ledge light-

house. It will be sufficient to remark that beautiful as the masonry
walls of Forts Warren and Independence may be, they are absolutely

worthless as works of defense. Fort Winthrop, an earthwork, is of

some value, but too thin for modern ordnance, which requires a minimum
thickness of eighty feet. At the Minot's ledge lighthouse, the bottom
course was laid by Gen. Alexander in cement protected by linen. He
thus had the honor of being the first to introduce this method of keep-

ing the mortar intact until it had set, to the engineers of this country.

The focal plain of Minot's ledge light is 92 feet above the sea. It is a
second order light.

The sea walls around the islands may be divided into two classes,

those laid in cement and those laid dry. The former class include

The Lovells Island,

Long Island,

Gallops Island,

Great Brewster and
Point Allerton walls;
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and the latter class

The Rainsford,

Georges Island and
The three Deer Island walls.

All of these walls which have been laid dry have had to be backed with

concrete, patched in various ways and protected. In a general way it

may be said to be a costly error to lay a sea-wall without mortar.

After the islands were denuded of their trees the sea began to make
inroads into their sides. Observations made at the Great Brewster

showed that from 1820 to 1868 an average of five feet horizontally was
washed away yearly into the channel from the big bluff on the north

head. The wall which extends three-quarters of the way around this

island is a fine specimen of sea-wall of coursed granite 18 feet high on

a concrete fouudation and backed with concrete. Its bottom is at

low water. It has stood perfectly since 1850, when it was begun. The
Lovells Island wall is of a similar character. The bottom
of the Pt. Allerton wall was placed at half tide, and it has proved

insecure. Heavy rip-rap has been placed along its front. The Gallops

Island and Long Island walls are in a similar predicament. The bottom

of the concrete in the Long Island wall is at grade 6.6 feet.

Through the courtesy of the United States Engineer in charge of the

Boston harbor, I am enabled to show you a section of the great Brewster

wall which cost $160 a running foot, and also a section of this class of

wall as built by the government.

The great improvements which have resulted in the channels of the

harbor will be appreciated when I state that the upper and lower middle

channel was formerly 18 feet deep and 100 feet wide, and that now it is

28 feet deep and at least 600 feet wide ; the depth being taken of course

from mean low water. Although four or five millions of dollars have been

spent in the improvements in the harbor much more remains to be done.

Both walls and dredging must be extended to render the harbor perfect

With the exception of $50,000 spent in a breakwater and dredging in

the harbor of Scituate, there is no government work of importance south

of Boston until we arrive at the historic town of Plymouth. The strug-

gle since 1825 has been to preserve the Plymouth beach, a narrow sand

spit some three miles in length. The sum of $125,000 has been spent in

revetments to keep the sea from making breaches through the spit.

At Provincetown, on the extremity of Cape Cod, the problem has been

of a similar nature. The harbor at this point is one .of the finest, and
from its position so far out to sea one of the most important on our dan-

gerous coast. I presume but a few of the members of this Society have

ever visited this spot; this view, however, wull give an excellent idea of the

situation. The principal government work consists of a dike at High
Head, in East Harbor. The State has expended $100,000 in closing the

inlet to this same pond.

The harbor of Provincetown is to-day in a better condition than it was
in 1850. It is here among other points on the coast that Professors Mitchell

and Whiting have made such careful studies of the action of the tides.

The United States Government works south of the Cape are under an-

other division of administration with headquarters at Newport, R. I.
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At Hyannis harbor a small breakwater of granite rip-rap, 1,170 feet in

length, was built many years ago. Its section proved rather light, the

outer slopes being only one to one. It has been gradually extended

during recent years until the outer slope has become two to one. The

anchorage back of the breakwater is to be deepened to fifteen and one-

half feet.

Before the breakwater was constructed the open roadstead of Hyannis

was freely exposed to the southerly winds. Its situation is about 15 miles

westerly of the head of the Cape. It is the terminus of one of the branches

of the Old Colony Railway. The navigation is intricate and dangerous

on account of shoals. A contract for dredging at Hyannis was recently

let to the Frank Pidgeon Dredging Company, of New York, for the sum
of 14.9 per cubic yard. The next work is a harbor of refuge at Nantucket

which takes its importance principally from the fact that, disregarding

the small refuge at Hyannis, it is the only one between Provincetown

and Edgartown, a distance of about 100 miles. Nantucket harbor has

deep water iDside, and the object of the improvement is to make it a

harbor of refuge for vessels plying between points north and south of

Cape Cod, estimated at 50,000 annually. More than 500 vessels

have been wrecked in the vicinity of this island. The plan which
has 'been adopted is to build rip-rap jetties, projecting

from the sides of the harbor to concentrate the tidal current.

More than $160,000 has already been expended, but as the works are still

uncompleted it is impossible to state their exact measure of success. The
construction of these jetties involves some interesting studies for the hy-

draulic engineer. Knowing the contents of the tidal prism it is easy to

figure velocities with different sections, and so gauge the tidal power to

scour the material ; but there are several other questions coming in to

complicate the problem, such as the openness of the jetties themselves,

their liability to leak under small heads, etc., which all lend an interest

to the plan. To any one who desires to pursue the subject further, I

recommend the perusal of the report of the Board of Engineers on the

Nantucket jetties, made to the Chief of Engineers on July 17, 1885,

and the very interesting report of Lieut.-Col. Elliot preceding the same.

(Annual Rep. Ch. of Engs., Part I., pp. 561-579.)

At Woods Holl there are two harbors known as Great Harbor and Lit-

tle Harbor. The works now nearly completed consist in the construc-

tion of retaining walls, or hollow pier and wharves for the use of the U.

S. Fish Commission, the Revenue, Marine, etc., and the removal of

dangerous rocks. About $100,000 has been .expended.

Wareham harbor, and estuary at the head of Buzzard's Bay, has had
$75,000 spent upon its improvement. Taunton River, emptying into Mt.

Hope Bay, has had $50,000 expended upon its channel, and the work is

not wholly completed.

THE MASSACHUSETTS INSTITUTE OP TECHNOLOGY.

Any reference to engineering development in Massachusetts would be

incomplete without a hearty acknowledgment of the magnificent work
which is accomplished at the Institute of Technology.

I have recently been examining somewhat carefully the past history
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and the present condition of this wonderful school, and I cannot repress

my admiration for the executive skill and patient industry which have
brought the course of study to such a state of perfection.

The Institute includes in its organization a "Society of Arts," a "School
of Industrial Sciences," "The Lowell School of Practical Design," and a
"School of Mechanic Arts."

There are nine regular courses, viz. : civil engineering, mechanical

engineering, mining engineering, electrical engineering, architecture,

chemistry, physics, natural history and a course of general studies.

These courses are admirably designed to give a sound, practical, as

well as theoretical training. The instruction in mathematics, surveying,

drawing and the construction of public works, is particularly excellent,

and I only single them out from the others because I am more familiar

with them. Some idea may be formed of the advantages which the new
building, so-called, affords, when we find that the Kidder Laboratories

give accommodations to five hundred students. In February, 1865, the

Institute began its work with twenty-seven pupils. To-dar it has eight

hundred and the number is constantly increasing. In 1865, ten teachers

formed the corps of instructors. Today eighty professors and assistants

are required to carry on the school. There is no halting in this good
work. The aim is to keep constantly abreast with the times. That
engineering has already been honored by graduates of the Institute is an
accepted fact. That the advance of our profession will show in the

future, even more than in the past, the effects of this admirable

training, goes without saying. I fully believe that a considerable share

of the improvement of the status of engineers, for which we are all

looking will be due to the solid foundation which the Institute is

laying. It may interest the friends of this school to know that not-

withstanding recent large additions, a new building will soon be begun
to meet the growing demands and popularity of the Institute. It may
be also gratifying to know that the application for graduating members
to fill lucrative places is sometimes larger than the number that can be

supplied. I regret very much that time will not permit me to go over

some ground which I had laid out in connection with this address. The
quarries of Quincy, Rockport and Concord, the new system of parks for

Boston, the advances in bridge building, would all form interesting

topics for many evenings.

I cannot forbear saying a word in regard to the excellent work which
the Railroad Commissioners and the State Board of Health have entered

upon. The Society was instrumental, as you will remember, in produc-

ing the change of public opinion which finally brought about the passage

of an act of the Legislature, soon after the lamentable Bussey Bridge

accident, requiring the railways to transmit plans and strain sheets of

their bridges to the Commissioners for expert examination. It is to be

hoped that out of the chaos which formerly existed in this important

branch of transportation, a system of bridge construction and of inspec-

tion will be produced which will insure to the traveler a reasonable

confidence in passing over the bridges within the boundaries of this

State.

The improvements made upon the Boston & Albany Railroad within.
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the past few years, in the direction of building attractive stone stations,

and the laying out of their grounds in a tasteful manner, under the care

of a competent landscape gardener, are to be commended. This work
has done much toward raising the somewhat low standard which
formerly existed. It was only fifteen years before the organization of

this Society that the specifications for an engine read as follows :

"The engine when in operation must not exceed 3-J tons weight, and
must on a level road be capable of drawing day by day 15 tons, including

the weight of wagons, 15 miles per hour." When we think of a modern
first-class road, with its four tracks, its 80-ton engines, and its fine vesti-

bule cars, the development of this line of public works does indeed seem
amazing.

The importance of the experiments and investigations which the State

Board of Health have inaugurated will probably do much towards solv-

ing many uncertain questions in water supply and sewage disposal. In

fact, it is in this original method of dealing with the engineering ques-

tions of the day that the American engineer is entitled to the greatest

credit, and in this good work, wherever it may be going on within this

commonwealth, we may rest assured that members of this Society are

playiDg an important part.

In this country we are further removed from the conventional ruts

and traditions which hamper many other nations in dealing with these

subjects.

In an address before the Institute of Civil Engineers, Mr. George Bar-

clay Bruce, after an extended tour in the United States, speaks as fol-

lows on this very point:

" The impression on my mind throughout this trip has been one almost

of envy towards the engineers of America for having a land so big to

deal with in the practice of their profession, and at the same time I feel

continually disposed to congratulate them upon the spirited way in

which they grapple with difficulties and the successful way in which
they have overcome them."

In a recent report to the French Government, a commission of engi-

neers, sent to the United States to examine their public works, make use

of the following language :

"One easily recognizes in the great works of the American people

those qualities which have made them the first engineers in the world."

At the last meeting of the British Association for the Advancement of

Science a number of American inventions were exhibited which called

forth the heartiest applause. No less an authority than Sir William
Thomson, the learned electrician, said : "Never have I seen an exhibi-

tion of applied science surpassing this in interest. I can see that its out-

come is to be a revolution in our industries."

It is certainly gratifying for us here, to-night, to feel that engineers,

as fully as other professional men, are carrying forward the standard of

their faith, and that in Massachusetts as well as elsewhere important
work is accomplished for the welfare of man. In this reasonable pride, in

which I am sure you all join, I am careful not to say that ours is the best

work, or that nowhere else in the world is such and such work being done.
The broader our view, the less inclined are we to arrogate too much to
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our own working horizon. Another source of gratification arises when
we remember that the field for the engineers work is constantly widen-

ing, and a full consideration of the fact may well lead us to take a hope-

ful view of the future. So wonderful are the changes now taking place

in the profession that specialities are rapidly forming and decided suc-

cess, as in some other professions, can generally be best attained by him
who follows one road to the end. In this connection it has often occurred

to me that there is one practical way to advance the interests of our pro-

fession in which as a Society we might perhaps profitably engage. There
is no reason why in the appointments made by public authorities,

particularly in the matter of public works, the engineer should not

be considered as well as the members of other professions. The engi-

neer's training fits him particularly for filling places requiring the exer-

cise of the administrative faculties. We may consider it an excellent

beginning in this direction when the Governor recently appointed three

engineers to sit on a commission, all of whom are members of our

organization.

We may well have confidence in the future, because the preparation

for the engineer's work will be more thorough. The advances in

metallurgy, chemistry and physics will contribute their quota to the

highest achievement of the engineer. As the rewards increase, the quality

of work done will also increase, and in striving to lift the veil it is diffi-

cult to imagine the great advances which the good time coming has in

store for the next generation. I have a firm conviction in regard to the

great work which this Society is destined to accomplish. As the strength

and power of our membership increases, so will the resources and influ-

ences of our Society increase. I believe we have already reached a point

where we may reasonably look forward to the time when our successors

will be installed in a house of their own possession, which will be some-

thing of a club-house as well, and where the members may always find

an attractive home. This truly will be a little millennium, but whether
it comes in our generation or not, I hope as we stand shoulder to shoulder

in the endeavor to advance our professional standard we shall still have
for the Boston Society of Civil Engineers something of the feeling and
enthusiasm of the school-boy which always leads him to give a hearty

cheer for his Alma Mater.

SOME TESTS OF FULL SIZE ANGLE IRONS.

By Charles F. Loweth, Member of the Civil Engineers' Society of

St. Paul.

[Read October, 1888.]

In a recent structure, the question arose as to the actual value of angle

irons in tension, and the writer had some tests made to cover the case,

as far as limited time and means would allow. It is with some hesitancy

that these tests are here presented, as the design of test pieces is not as

varied, and the number of tests sufficiently large, to cover the debated

ground even approximately. The aim was to determine what such de-

tails, as are not infrequently met with, are actually worth. They are
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offered, therefore, for what they are worth, and with the hope that they
may lead to a more complete series hereafter.

The material tested was ordinary angle iron, 4 inches X 3 inches X 7.5

pounds per foot, about f| inch thick, all being made at the same time
and place by the New Jersey Steel and iron Company, and correspond-

ing in quality with the iron intended for use in the structure. The
angles from which the specimens C and D were cut were unintention-

ally made slightly heavier than the others, but otherwise of the same
rolling, and fairly represent the quality of the material in the other

specimens. The form and size of test pieces are shown in the plate.

There were five pieces each of ^4 and B, and four each of C and D.
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The angles were in each case connected by the larger leg with the pin
plates and the connecting rivets placed as near the back of the angle as
practicable (nearer than ordinarily done in practice) for the purpose of
reducing the eccentricity in line of strain as much as possible. The
riveted specimens were made pin ended in order to definitely fix their

length and also that they might more readily deflect as required.

The tests were made in New York at the Fairbanks testing laboratory
on their 200.000 pound machine. The specimens were all prepared at
the same time, though tested on two different dates. The accompany-
ing tables give a record of the test?.

The net area in specimen A is taken as 0.12 square inch less than
that of B. Net area of B equal 1.98 square inches.

Under strain both angle and plates bent, opening the joint at a, as
was expected, and indicating very plainly the large bending due to the
eccentricity of strain.

It was expected that specimen s A would prove much stronger than
specimens B; that their strength was so low comparatively is
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SPECIMEN A.

No.

1

2

B

4

5

Date.

1887.

Sept. 5.

No 7. 2.

Open holes.

15-16 in. diara.
1% in. diam.
1 in. diam.
1 in. diam.
1% in. diam.

Ultimate strength.

Total.
Per sq. in.

net.

Remarks.

66,800
49,080
71,280
56.4C0
75,240

35,910
26,400
38,280
30,300
40,450

1 Broke through end
|

rivets in hoth legs.

J

Average ultimate strength per square inch, net area 34,270

specimen B.

1887,

Diam of
open
holes.

Ultimate strength.

No.

Date. Total. Per sq. in.

Remarks.

i...
2...

3...

4...

5...

Sent. 5

Nov. 2

15-16 in.

1H in.

lin.

lin.

lfcin.

67,960
61,520

74,320

55,600

72,240

34,300
31,070

37,500 I

28,080

36,480
|

Broke through end rivet hole.

Broke through open holes in body of an"
gle at small flaw in surface of 3 in.

leg.
Broke through end rivet hole.
Broke through open holes like No. 3, except
no flaw in angle.

Average ultimate strength per square inch of all specimens 33,486

Average ultimate strength per square inch of Nos. 1, 2, 4, which broke in detail.31,150

specimens c and d.

1887.

Area sq. in.

Per sq. in.

elas. limit.
Per sq, in. ult.

strength.No.
Date.

Fracture.

1 Sent. 5. .928

1.584
.914

1.640
.919

1.580
.975

1.588

39,920
34,530
34,950
34,100
32,750
37,400
34,680
33,225

50,520
48,385
50,220
49,020
48,160
53,900
50,140
47,860

1

2
2
3
3
4

4

Average ultimate strength, all specimens 49,775 lbs. per square inch
" " " 3iDchlegs 49,760 " •'

4 " ,p 49,791" "

probably largely due to greater bending produced in the angle due
t» the more abrupt transformance of strain into it from the tin plates.

The open holes were for the purpose of inducing fracture in the

body of the angle other than in the detail, and succeeded only in the

case of specimens B, Nos. 3 and 5, and these, very strangely, showed the

highest ultimate strength.

As a whole, the tests indicate that the strength is largely reduced
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where the line of strain does not concide with the centre of gravity of

the material. In practice, this lesson has generally been more readily

acknowledged in respect to compression than to tension members. The

same lesson may be learned from a recent test of a full size railway

bridge floor beam as described in a paper by Mr. Boiler, C. E., and
published in the Transactions of the American Society of Civil Engineers

for May, 1888, where the bottom flange angles of the beam failed at a

strain of less than 15,000 pounds per square inch. In the transactions of

the same society for September, 1884, Mr. G. Pegram, C. E., records a

tension test of a 4 inches X 4 inches X £ inch angle, 4 feet 8 inches long,

having only one leg connected by rivets to the end plates and which

broke at only 23,030 pounds per square inch net section, while a flat 4

inches X f inch X 4 feet 8 inches long, cut from a piece of the original

angle and somewhat injured in preparation for testing, showed a strength

of 40,100 pounds per square inch net section.

There is still another lesson to be learned, namely, that rivet holes

staggered or alternating in the legs of an angle, even though spaced as

in this case, one and one-half inches apart, largely decreases the strength,

for it is observed that each specimen A failed in a similar manner by
fracture through the adjacent holes in the two legs. The spacing of

holes so close together, even if alternating, as in the specimens, is a com-
mon fault in iron-work design, most noticeable perhaps in the case of

bottom flanges of built beams and girders at the ends of flange plates.

It would be profitable to continue this series of tests to ascertain the

relative strength of angles of different lengths between end connections ;

also the strength of angles in pairs, placed back to back, with separators

at intervals to prevent deflection.

THE WINDING OF DYNAMO FIELDS.

By Francis E. Nipher, Member of the St. Louis Engineers' Club.
[Read March 20, 1889.]

There are two methods of winding the fields of dynamos. One method
is applied when the armature has been constructed and mounted upon
the frame, and is ready for the field coils. The proper wire to wind
upon the field can then be found by determining the constants of the

machine when operating, its field being excited by a trial coil.

The other method seeks to compute the output from a working
drawing of the machine. The present paper will deal to some extent

with both of these methods.

If a dynamo is to be designed for a definite kind of work, for instance,

to run a definite number of lamps in parallel, then the current which it

is to furnish and the difference of potential of the mains is known.
The armature is then to be designed to satisfy the following equation:

F= z i Nn m
10 8 X 60 * '

where z 1 is the number of lines which the armature core will carry, N
the number of windings of wire around the core, and n the number of

revolutions per minute. The value -r- is, therefore, the number of revo-
60 ,
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lutions per second, and 10 K
is a factor which converts centimetre-

grarnme-second units of potential to volts.

When fully saturated, annealed charcoal iron wire will carry 150,000

lines to the square inch, and iron disks 132,000.

For a Gramme ring of iron wire the value of z, would be

2 S X 150,000 (2)
«i -g

Here S is the net section of iron in the armature ring. Each half of

the ring carries only half of the lines, as shown in Fig 1. Hence the

total section of the iron is 2 S. The iron ought to be only half saturated

when the machine is carrying its normal load, and hence the quantity

must be again divided by 2.

If, for example, the armature is to give 102 volts at 750 revolutions,

and furnish 450 amperes, then by (1) and (2)

_ 150,000 X 750 X NS
10 8 X 60

As the current divides in the armature, its conducting wires must be

large enough to carry 225 amperes. It is customary to allow at most
3,000 amperes per square inch of section in armatures. Hence the con-

ductors must be no smaller than on6-tweifth of a square inch in sec-

tion.

The problem then reduces itself to the winding of enough turns of

wire of the known capacity upon an iron ring which must be large

enough to carry them, and of such section that it will carry enough
lines at 75,000 lines per inch when the dynamo is carrying its working-

load and running at the predetermined speed. It is important to have

as small a distance as possible between the armature core and the pole-

piece. These considerations being properly heeded, it is easy to make
the drawing of the armature by a few trials.

The section of the field should be somewhat larger than that of the

armature, for two reasons : First, hammered wrought iron will carry

at saturation only 10S,000 lines per square inch. Secondly, some of the

lines produced in the field leak around the armature. The number of

leakage lines depends upon the shaping of the pole-piece, and is, there-
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fore, different for different machines. The number of lines lost

varies from i z
1 to z

1
in different machines. The leakage lines ought

not to be over twenty-five per cent, of those produced in the field.

Hence the section of the iron circuit of the field should be

-— . — = 1.8 times the section of the iron circuit in the armature. If
106 3

there are two magnetic circuits in the field, the last rule refers to the

sum of the sections of those circuits and to the sum of the two cross-

sections of the armature ring. By this means it is aimed to secure half

saturation in the field, each square inch carrying 54,000 lines of force.

If the machine is already constructed, the gauge of wire for the field

coil may be selected by the trial method. This method will be illus-

trated by a determination made by the author on an eight-pole dynamo
of the Schuckert type.

The armature was designed to deliver 80 amperes. Trial coils of 41

turns each were wound upon the eight spools.

The field was separately excited, and the total E. M. F. of the arma-

ture was found for various exciting currents i, and for speeds n, ranging

from 500 to 700 revolutions. The observed values of E, n and i were
found to satisfv fairly well the formula of Frolich,*

_ aniE ~TTbi (3)

where
a = 0.0031

b = 0.0056
Here a = a' S.

Where S = 328, or the total turns on the field, and a' depends on the

geometry of the dynamo and the quality of iron used in its construc-

tion. Also b = d X 328, where 6 is the so-called saturation co-efficient.

Hence

' = *£* -0.0000:,

Suppose it were desired to wind this dynamo as a shunt machine, for

operating glow lamps requiring 98 volts, 0.64 amperes.

The machine furnishing 80 amperes would thus feed 125 lamps.

The armature resistance was 0.046 ohm. The resistance of each lamp
98 98

will be -T—T7, and of 125 lamps would be —— 0.64 = 1.22 ohms. Theresist-
0.b4 125

ance of the working load should be a mean proportional between the

armature resistance and the field resistance. Hence the latter may be

taken as 23.5. or about 500 time3 that of the armature.

The resistance of the field and the brush potential being now fixed, the

9S
current through the field is also fixed. It will be ^r^— = 4.17 amperes.

/2o.o

Hence, when the machine is finally wound, its working conditions will

be represented by (3), as follows :

0.0031 „

!m 8n x4 - 17

E =
1 + 0.000017 X 4.17 S

Thompson, Dynamo-Electric Machinery, 2d ed., page 278.
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Since the armature resistance is 0.048, and the current in the armature

is 84.17, the fall of potential in the armature will be 84.17 X 0.046 =3.87.

Hence the value of E must be 98 + 3.87 = 101.87, or 102 volts. Substitu-

ting in the last equation, and solving for S,

S = 2
>
600Q0Q

(4)

n — 184

It is thus seen at once that the number of turns on the field is simply a

function of the speed. If n were 184, S would become infinite, or the

iron must be completely saturated in order to get an E. M. F. of 102

volts.

If the dynamo were run at a speed of 2 X 184, the iron would be half

saturated, as will appear from the following considerations :

Equation (3) may be put in the following form:

a' S n iE ^T+d8l (3)

The iron would be saturated by making S i infinite, which would give

for a limiting value of E,
a' n

If now S i were made equal to—
, (3

1
) becomes

6

_ a' nE= Td>
showing that when the magnetizing power of the field coils is made

equal to—, the number of lines is one-half the number required to pro-

duce complete saturation.

If (3
1
) is reduced to the form of (4) it becomes

E

8 = n-6E (
41

)

a'

6 E
If, therefore, n = 2 —7-

a

s, = i
Since in the machine under consideration i is to be 4.17 and 6 =

0.000017, the total turns on the field to produce half saturation is

S = — = 14,000, or on each epool 1,750.

We turn now to considerations of a purely geometrical character, in

order to learn what must be the size of the wire used in winding the

field.

The resistance of the whole field being 23.5 ohms, we have on each

spool 2.93 ohms. If L be the length of this conductor in feet, r its

radius in inches, and Kf the resistance in ohms of a copper wire one inch

long and one square inch in section, then
10 T

2.93 = K' ——
9 (5)

it ro s
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In the computations which follow K' has been assumed 0.00000069,

which is a little too small for safety under working conditions. Abetter

value would be 0.00000075. In the table below L is computed from (5)

for conductors of various sizes, from No. 18 to No. 11 of Brown & Sharpe's

gauge.

The field cores of the dynamo were cylindrical in form with a spool

radius R of 2 inches and a length Z of 7.2 inches. If R' is the external

radius of the helix when wound, the insulation thickness being as-

sumed 0.004 inch for all wires, then R' can be computed with sufficient

precision from tne following formula:

12 L =
n{R,a ~ R° 2)l

(6)
4 (ro + 0.004) 3 V '

The values of R' are given in the fourth column below.

Similarly the number of turns on each spool can be found from the

formula:
S l(R'-Ro)
8 (4r + 0.004) 2

(7)

The number of pounds w of copper for the eight spools can also be

readily found from the data already known, and is entered in the table

below for each gauge of wire.

In case the field magnets are not cylindrical in form, the data here

computed can always be worked out by some method which should

readily suggest itself.

Finally, by solving (4) for n and substituting the values of S correspond-

ing to each gauge, the speed required to give 102 volts and 84.17 amperes
with this machine is computed. These values are entered in the column
headed n.

S
The values of L, — , w and n as a function of the wire radius in thou-

8

sandths of an inch are shown in the diagram.

B. &S. -

gauge. r
in.

L
ft.

R'
in.

8 w n
— 0.0202 457 2.1 424 17 950
17 * 0.0226 569 2.2 517 28 812
16 0.0254 718 2.3 635 45 695
15 0.0285 905 2.5 772 71 606
14 0.0320 1,114 2.7 909 110 541
13 0.0360 1,439 3.0 1,098 180 482
12 0.0404 1,815 3.4 1,275 286 439
11 0.0454 2,288 4.0 1,451 455 408

The output of the machine and the power wasted in the armature and
field is the same for all these wires for which the table above is com-
puted, provided that the other imposed conditions are satisfied. The
choice of wire is limited on the one hand by the cost of copper and the

increasing diameter of the bobbins, which makes the outer layers less

effective when large wires are used, while for the smaller gauges the

limitation is due to the increasing armature speed, and to the necessity

of avoiding overheating of the field.

A rule given by Munro and Jamieson, and recommended as safe, is

that the current density in spools should be for wires under 2 millim-
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etres in diameter. 5 amperes per square millimetre. If r be the radius
in inches and i the current in amperes, this is equivalent to

r -
100

This would make a No. 18 wire, B. and S., the smallest wire for]a cur-

rent of 4.17 amperes. Others give the rule that one square inch may
carry 1,000 amperes. This would make a No. 13 wire the smallest that
could be used. The latter rule is apparently not so near to American
practice as the former one.

It appears from the table that even with the largest wire there com-
puted, the number of turns on one spool will be 1,451, while with a cur-
rent of 4.17 amperes, 1,750 turns are required to produce half saturation.

It follows that this machine might be wired throughout for a higher
output.

"53

c

"S W
8

'w

^
~n

18 J 16

1

15

1

Brow/
14

1

' anal •Sharp
13

1

s Gazi_
12

1 V
^U £) JU OJ . tU tj KJ

Wire radius in mils. To
The other method of proceedure is based upon a determination of the

number of lines of torce which a dynamo of known construction should
furnish. Before proceeding it will be necessary to make a few prelimi-
nary explanations.

In Fig. 2, A represents an iron ring stamped or turned out of homogene-
ous metal. Two coils of wire, B and C, link with it, the one being con-
nected to a battery and the other to a galvanometer having a heavy
needle. When the circuit in C is closed, the ring is magnetized, but no
polarity is shown around the ring if the coil is wound closely around the
iron. The lines of magnetic force are conducted around the iron ring in

closed curves. Their presence is shown by the momentary induced cur-
rent in B when the circuit is opened or closed. The number of lines in

A. can be determined by measuring the throw of the galvanometer
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needle, the method being analogous to that of the ballistic pendulum in

determining the velocity of rifle shots. The constants for B
and G can be determined by revolving B suddenly through

180 degrees in a field of known strength. The angle of throw

can be found with precision by reflecting a beam of sun-

light from a mirror attached to the needle upon a divided

scale, which is photographed during the throw. The division where the

spot of light comes momentarily to rest can thus be found with very

great precision. The number of lines increases with the magnetizing

power of the helix C. The magnetizing power is proportional to the

current in C and to the number of windings. It is measured in ampere
turns. If the iron ring is made larger in circumference or smaller in sec-

tion the number of magnetic lines diminishes. It appears that the lines

meet with resistance, as a current of electricity does in a conductor. The
relation between number of lines z, magnetizing power P and resistance

R, is expressed by a formula analogous to the one representing Ohm's
law for electricity:

* = i ®
The resistance of the iron R is proportioned to the length of the iron

circuit, and inversely proportional to its section, or

r = e.l
S

Where K is the magnetic resistance of unit length, having unit section
#

The value of K is about 700 times as great for air as for iron. If the iron

ring has a break at b b, the number of lines carried by the circuit is less

than if the ring is continuous. A sheet of paper inserted between the

iron surfaces at b also v»ry greatly increases the resistance. By varying

the width of the gap at b the relative resistances of iron and air can be

found. It is also found that K is not constant for iron, as it becomes
more and more saturated. The value of K increases to go for complete
saturation. Mr. Kapp finds that the value of K is represented by an em-
pirical expression, as follows :

K = Ko -(-"J
- 6
2

Where K is the value of K when the magnetizing power is zero, or

-when i = o in coil C, and

*=*
Where z is the number of lines actually carried by the iron, and Z is

the number which would be carried if the iron were saturated or if

i = oo. Z is the limit to which z apjjroaches as i increases. Both
Ko and Z can therefore be found from observations with finite values
of i.

The value of Z can also be found for armature iron by observations
on the dynamo itself. In (3) if i = co

an
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If the armature approaches saturation before the field does, this value

of E may be substituted in (1), from which z
y
may be found, which is Z

for that particular armature.

The following values of KQ are given by Kapp for iron:

Wrought iron -^m
Cast iron ... -^m
K for air is 0.24

The values of the tangent function are:

tan — d,
2

1

6

tan — d,
2

1

6

2
1

2
x

0.1

0.2

0.3

0.4

0.5

1.008
1.034
1.081

1.156
1.273

0.6

0.7

0.8
0.9

1.0

1.460
1.785
2.449
4.466

00

To apply these values to a Gramme dynamo, let

Px
= ampere turns required to drive z

x lines through the armature and
clearance spaces at the pole-pieces.

la = average length of iron circuit in armature core in inches.

1.2 = average length of air circuit in each of the two clearance spaces.

/Sa = net section of iron in the armature ring, so that the z x
lines are-

carried by 2 Sa square inches.

Sz = area of pole-piece face in square inches.

z 1
= d

x Zx .

Then by (8)

Pi = *i

tan — o.

2*
2Sa

+ Ks

2 I.

S 9
(9)

This value of Px is the magnetic pressure or potential at the pole-

pieces.

Some of the lines produced by the field leak around the armature and
are of no value in producing E. M. F.

This leakage circuit may be considered as one in parallel with the

armature, and analogous to the equations for a divided circuit we mav
write

P
1 = ^P (10)

Where £ = the number of leakage lines, and p = the air resistance to

the leakage lines.

The value p is a complex quanlity, and will differ for machines of

different type. For machines of the same type, it will vary inversely as

the linear dimensions of the machines precisely as in the ground plate

of an electric circuit. If the value of p is known for any type of machine
of given dimensions, the value of I may be at once computed for any
machine of that type, since P

t
is known from (9). It will be assumed
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2
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that p is not known, and is to be determined with I, for a Gramme
machine.

Let

Ps = the additional number of ampere turns required on the field to

drive zx + f lines through its iron circuit.

2, = z 1 + '= = lines carried by the field.

L
f
= length of either of the two iron circuits of the field, from pole-

piece to pole-piece.

S
f
= section of one of the iron circuits of field in square inches.

Then

Where

(12)

Substituting this value of d 2 in the denominator of the tangent func-

tion, the values ot z 2 will cancel.

Let P represent the total ampere turns on the field, or

P=PX + P,

P can be found from the actual observation on the machine. Hence by
substituting this value of P2 in (11),

tan
l

d = zffz2

(p - Pl) (13 >

From this equation d2 is readily found and z 2 can then be computed
by (12).

The value of ? = z 2
— z

1 , which substituted in (10) gives the value

of p.

The Gramme dynamo to which these equations will be applied was a
^mall machine built some years since by a New York company. It was
a series machine and was wound for a ten ampere current. The net sec-

tion of the armature core was 1.4 square inches. Hence

Zx
= 150,000 X 2.8 = 420,000.

For any assumed value of 6
X the value of z t is then found, from which

E can be computed for 1,000 revolutions by (1), the armature winding
being known (60 sections of 20 turns each).

When driven at 1,000 revolutions E was also represented by (3), as fol.

lows :

F= 14.2*

1 + 0.18 i

from which i is found for the various values of E and fu as is shown in

the table below.

For computing Px the additional data needed are

Za = 8 inches.

SA = 1.4 square inches.

l2 = f| inch.

S2
— 33.5 square inches.
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For computing tan — 6.,,

L
f
= 30.3 inches.

Sf = 5.8 square inches.

Hence Z, = 108,000 x 11.6

= 1,262,800.

Turns on the four spools of the field — 1,036.

<*» »i E

8.4

16.8

25.2
33.6
42.0

50.4

i Pi P P-Pi 6 2 Z2 5=£ 2—si P

0.1

0.2

0.3

0.4

42,000
84.000

126,000
168,000

0.66
1.50

2.60
4.09

6.32

9.88

567
1,135
1,709
2,184

2,885
3,510

691
1,554
2,694

4,237
6,547

10,235

121

419
985

2,053

3,662

6,725

0.12
0.34

0.60

0.78
0.88
0.93

150,000
426,000
752,000
977,000

1,102,000

1,165,000

108,000
342,000
626,000
809,000
892,000
913,000

0.0052
0.0033
0.0027
0.0027

0.5 210,000
252,000

0.0032
0.6 0.0038

The value of p here is as near constant as could be expected when the

other features which this table shows are considered.

It will be observed that the field is constantly more nearly saturated

than the armature, although its section is four times as great. This is

due to the fact that the crescent-shaped pole-pieces which embrace the ar-

mature lack only 1.9 inches of being in contact at their terminals, while the

two air spaoes between pole-piece and armature core sum up 1.7 inches.

The field is short-circuited around the armature. The computations,

therefore, serve to show how badly this machine was designed, rather

than to determine the value of p.

It will be a very great service to the profession if some well equipped

school will determine this value for the several well defined types of ma-
chines now in the American market.

RAPID TRANSIT IN BOSTON.

By Henry Manley, Member of the Boston Society of Civil Engineers.
[Read February 20, 1889.]

The Boston in question is not that area included within the municipal

limits only, but that larger Boston which includes the surrounding

cities and villages within a radius of perhaps 10 or 12 miles, and includ-

ing a population of about 800,000 people, whose interests are those of

Boston, and a large number of whom daily ride to and from their

places of business in some public conveyance.

I assume that more rapid transit than now exists is imperatively called

for, and shall not go into statistics to prove the assumption correct,

though the figures that show it are interesting and instructive. It has

been shown in other cities that after a population of about half a million

has been reached, unless improved means of transit are provided, that

the city fails to grow at the rate it had before maintained. The numer-
ous petitions for charters for elevated railroads in our streets, which are

annually presented to the Legislature, and persistently and ably urged,,

show that there is a demand for it, and the efforts of the West End
Street Railway in first considering cable roads, and then adopting and
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constructing electric roads, phow that they are alive to the fact that the

present means of transportation are insufficient.

I assume further that no system of rapid transit which proposes to

carry passengers on the same plane as that on which the ordinary travel

is carried, will suffice in Boston. Our streets are very narrow and
crowded, and are now mined with all the kinds of pipes and conduits

known to the engineering profession, and I may add that they are filled

with forces and compounds of mighty strength and of incompatible

qualities and habits.

Municipal councils have wisely limited the driving of horses to a speed

of six miles an hour. I assume that no good reason can be shown why
vehicles in the streets, propelled by any power, should be allowed a
greater speed.

Six miles an hour is not rapid transit.

If it be urged that in wide suburban streets, with spaces especially re-

served for the purpose, greater speed may safely be permitted, I reply:

at best, a series of grade crossings will thereby be established which are

opposed to public policy, and in time, and after a sufficient number of

accidents, cannot fail to receive the public condemnation.

I further assume that elevated roads are entirely inadmissible in the

older and more crowded streets of Boston. There is not room enough
now for teams, foot passengers, light and air. I will not deny that in

cases of dire necessity, in the wider streets, they may possibly be al-

lowed, but not in the central part of the city. Electric and cable surface

roads are very useful improvements. I assume that all they can do for

us in Boston is to take the place of and do the work now done by horses,

and that they will thereby improve the service for the passengers and
diminish the cost to the proprietors. They cannot give us rapid

transit.

The three most successful systems of rapid transit in existence, so far

as I am informed) are in New York, London and Berlin. New York has

elevated steam railroads in the public streets. London has steam rail-

roads underground, and Berlin combines the regular surface steam rail-

roads of the country with an elevated road on private land across the

city.

I assume that the New York and London systems are inadmissible in

Boston, the first for reasons already given. The second because the city

is already too low and that proper drainage w ould so increase the ex-

pense as to render the method impracticable. This does not deny that

underground sections of roads may be built under Beacon Hill, and sup-

plement an overhead system to their mutual advantage. The third, or

Berlin system, I consider to be admirably adapted to Boston.

Boston possesses a network of steam railroads radiating in all direc-

tions, and I assume that in all cases the local passenger business forms
perhaps the most profitable item in the grand total of the business done
by the roads. Each of these roads brings thousands of regular daily pas-

sangers to the city—and leaves them all at one point on the outskirts

—

when their objective points are scattered over perhaps ten square miles

of surface.

An examination of the map shows that the terminal points of these
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roads are, roughly speaking, all on the circumference of a circle of

about ODe mile in diameter. The scheme that I wish to propose is

briefly this: Let some able financier do for the steam railroads what has

been done for tbe horse railroads—that is, let them pool their local pas-

senger traffic, bridge this narrow vacant space with an elevated road,

connecting the several surface roads. Then let each surface road select

a convenient point on its line and rise, by an incline, to the level of tbe

elevated road. The new elevated road to be preferably built on private

property, but whether on private ground or on public streets, or in tun-

nel under Beacon Hill, forms no essential part of the scheme. This road

may be a belt line, or not, but in any event it is to be a continuous line,

with no butt-end stations. The precise route for this road and the loca-

tions for stations would be governed by a thousand considerations of

cost, policy, politics and engineering, and could be determined only

after careful and exhaustive study.

The success of the road would then depend upon its management. I

would let no train be stopped and turned around in the central part of

the city. For instance, let trains made up at South Bjaintree run

through the city to Reading, and vice versa. Another train made up in

Somerville might run through to Dedham. In short let all trains coming
to the city pass entirely through the city and turn round on the further

side.

The objections to the scheme may be of a financial or of an engineer-

ing character, or may relate to the management of the long distance and
freight business. The financial objections I do not propose to go ir o

at this time further than to say that plenty of capital appears to sland

rpady to build elevated roads without the enormous advantage that the

possession of the surface roads already built would give. It also seems

reasonable to suppose that a combination of this character could obtain

from the State and city all the privileges that would be granted to any
new company.
The engineering objections can certainly be readily overcome with

sufficient capita], and as applicable to this point I will read from the

Engineering and Building Record of Feb. 4, 1888. and following num-
bers, extracts from the very full and interesting description of the ele-

vated road in Berlin, which will show what has been built in that

city. It should be understood that in Germany all railroads are owned
and managed by the government.

" The considerations which led to the construction of the Metropolitan road were, in

the first instance, of a strategetic nature. When the Prussian State Department took

the work in hand, it desired to make complete connections between the lines run-

ning to the east and those running west, in order to give a possible mobilization of

the army the assurance of absolute success.

The railroad is an elevated structure, crossing all streets and roads above their

level. Outside of the city limits, beyond the junction depots, its tracks slope down
and connect with the general railway system. Within the city limits the style of

the structure was prescribed by the city authorities, and it was built as an arched
viaduct; the approaches at each end were embankments. At the east end, where the

property was more valuable, the embankment was contained between retaining

walls; at the west end it was not. It may be remarked here that the prescribed style

of an arched viaduct almost invariably coincides with the interests of the railway

company, as a comparative estimate of the cost of the viaduct within the city limits
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compared favorably with an embankment on account of the small amount of prop-

erty to be acquired, and as between an embankment contained between retaining

walls, it compared favorably on account of the possibility of utilizing the arches of

the viaduct for business purposes. The road is a four-track road throughout. The

two northern tracks are reserved for local traffic, while the two on the south are

traversed by passenger trains from the trunk and suburban lines, the two services

being absolutely distinct.

Construction, Viaduct, Termini.

It is a sinuous line, which crosses the city from east to west, following practicably

the major axis of the ellipse formed by the belt line, built some years before, which
surrounds the town connecting with all railroads which it intersects. It is separated

only a short distance from the Spree River, which it crosses three times. Its length

between the two termini (Schlesischer and Charlottenberg) is 12,145 metres (7.55

miles). The radii of the curves vary from 300 to 500 metres. The grades are from
2 to 8 in 1,000.

Of the entire structure, 12,145 metres long, 7,984 metres, inclusive of depots and
stopping places and stone bridges, was built as arched viaducts; 1,823 metres, inclu-

sive of street crossings and iron bridges, was built with iron superstructure; 675

metres, inclusive of the Silesian junction depot, was built as embankments con-

tained between retaining walls, and 1,683 metres, inclusive of the depot Charlotten-

berg, was ordinary embankment.
On account of the low elevation of the tracks of only sis metres above the street,

no construction could be considered excepting masonry, and where exceptionally

iron construction was employed local reasons were the governing causes.

The viaducts are of uniform construction throughout, excepting that the distances

between the piers slightly vary. The form of the arch is always a segment of a
circle. On account of the great cost of the viaduct careful preliminary work pre-

ceded the final adoption of the plans, and the piers and arches were carefully and
scientifically proportioned. * * *

Street Crossings.—The number of street and road crossings between the terminal
depots is 65, and, with the exception of a few of the small lanes, which could be
carried through the arched openings of the viaduct, they were constructed as iron

bridge on massive masonry abutments.
Besides the two terminal depots at Schlesischer and Charlottenberg, the Metro-

politan has eight stations. Three of them are so constructed that they are used for

both the trunk line and loeal traffic.

Baggage is only received at the stations used by the trunk lines. The baggage
rooms are also upon the ground floor, the baggage being raised to the platforms by
hydraulic elevators.

The construction of the termini is of brick masonry.
For the local traffic the trains are run during the week at ten minutes intervals in

each direction from five o'clock in the morning to midnight. On Sundays and holi-

days they are run under five minutes headway. The mininum number of cars in a
train is 8, the average weight 113^ tons.

The stops at the stations average thirty seconds each; and the average speed of the
loeal traffic is about fourteen miles per hour, including stops and slow running.
The figures given as the total first cost of construction are divided as follows:

Right of way, §8,377,362; construction, $9,482,868; total expenses, $17,870,230.

The third point, the management of the combined class of business,

would require careful treatment. In Berlin a magnificent central union
station is provided, and that and the terminal stations are used for long
distance travel. Either a union station or a comparatively small station
for each road would be required. la any event, with the two classes of
passenger traffic separated, the management would be much simplified

and the enormous terminal stations and grounds now in use would be
thrown on the market. Butt-end stations, as they are termed, are not in
favor with railroad men. The terminal station in large cities consists of
a combination of offices, hotel, and train shed, and serves to collect th
stream of passengers into ponds to be drawn off at leisure. If the stream
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is kept running, no ponding can take place. In other words, instead of

making your patrons gather into one large station, drive the train

around the town and pick them up from almost their own office doors.

The most improved practices of the elevated roads elsewhere should

be introduced, both upon the elevated and flat sections. There is no
special virtue in an elevated road per se over one upon the level. Methods
that facilitate travel upon one will equally facilitate travel upon the

other. I know of no good reason why light trains of short cars, with

ample exits and entrances, powerful engines that can start and stop

quickly, platforms of stations on a level with platform on cars, and stops

of 8 or 10 seconds instead of 40 to 60 seconds can not be provided as well

upon roads on the level as upon roads in the air.

With the construction completed as outlined, with convenient stations

within a few minutes' walk of every point in the city, travel will become
easy and pleasant. To illustrate: In coming into town I ride seven miles

upon steam cars. I am landed at the farther end of a station more than

800 feet long, and while, if the train kept in motion, it would land me
at my destination in two more minutes, it takes me as long to walk the

remaining distance in town as it has done to ride the seven miles in the

cars.

The arrangement proposed will allow trains frcm the northern roads

to cross the Charles River at a sufficient height to satisfy the law and the

orders of the government concerning the bridges over that river, and
the construction of the expensive union station now in contemplation

could be avoided. The roads could sell their valuable land in the city

now used for storing passenger cars and engines, and buy more further

out, where land is cheaper. An inspection of the map will show what a

brilliant series of circuit lines could be formed if all the roads were under
one management. But the greatest gain to the roads, if they take ad-

vantage of the opportunity now open to them, will be the acquisition of

the monopoly forever of rapid transit in Boston.

The welfare of the city will be greatly affected by the adoption of the

system. It will give opportunity for people of limited means to live in

the country, and have the advantages of fresh air and freedom from
overcrowding. It will greatly enhance the value of suburban real

estate. It will discourage the building of tenement and apartment
houses, and encourage the building of houses with grounds about them.

It will allow of and encourage social relations between residents of

opposite sides of the city, which are now so much discouraged by poor

transportation. It will enable the great public to visit easily, and readily,

the parks and places of resort at the seaside. In every direction its

effect will be of the most far-reaching character.

Let us glance at the probable course of events if this opportunity be

not embraced. One elevated railway already possesses a charter, and

many more are knocking at the doors of the Legislature. The people

need the accommodation, and sooner or later, with more or less restric-

tion, the charters will be granted. A series of roads, with conflicting in-

terests, will be constructed, each doubtless relieving to some extent the

wants of a particular section, but falling far short of the benefits of a

comprehensive system. The roads built first will follow the lines of
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heaviest travel, later they will be extended to parallel the existing steam
railways, and as they will give better service, by delivering their passen-

gers nearer their destination, they will take the lion's share of the travel,

and the public will pay for two sets of roads, and get half service for

double fares.

The point of double fares, which I have not before touched upon, is

well illustrated by some lines of doggerel from Puck, which 1 will read

in conclusion :

THE ROAD TO RUIN.

He was a man in business on big Broadway,
And his home was in Brooklyn, abaft the bay

;

And this was his route for to gain that blest shore

—

First the "L," then the bridge, then the "L" once more.

The church of his love was just three car rides,

And his club was the same, and another besides;

While his seven small children went every day
To seven different schools, seven miles away.

To the store or the market, to the play or the slide,

Wherever they went they had always to ride;

And this, kept up for a brood of nine,

Took a river of gold that would drain a mine.

His fortune at first was a million and o'er,

And his business had brought him a billion or more

;

But 'tis sad, and 'tis sour, and 'tis mean to recall,

How the street car companies got it all.

He succumbed, as succumb all mortals must,
And his bones were committed to Greenwood dust;

And a plain little headstone the epitaph bears:
" This man was busted by street car fares."

By Albert H. Howlasd, Member op the Boston Society op Civil Engi-
neers.

[Read February 20, 1889.]

It is some ten years since the establishment of the elevated railroad

system in New York. This effected so great a revolution in local pas-

senger transportation that many other cities naturally expected to goon
enjoy equal improvements. After the problem had once been solved for

New York, it seemed a wonder that capitalists and engineers had not so

co-operated as to accomplish the solution earlier, for building a bridge

over a street so as to form an elevated railroad is likely to be no more
difficult than building one over a river.

Some of the differences between the situation in New York and that

here are quite obvious, but I think man} of them are not given sufficient

weight in forming opinions ; so that, while Boston is waiting for a great

revolution in passenger transportation, its attention is diverted from
some moderate improvements that might be made with great benefit,

and perhaps give us facilities equal to those of New York ; in fact, it

may well be claimed that they are now equal or even superior in some
respects.

In New York the City Hall, Post Office, Custom House, etc., are at the
south end of an island 10 miles long and 2 miles wide; its nearest steam
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railroad (previous to the opening of the East River Bridge) was ahout 1|

miles distant from City Hall, and the nearest without transfer to and
from ferry was 3 miles distant ; the only connection by bridges to the

main land was at the north end.

On the other hand, Boston already has the terminal stations of eight

steam railroads within one-half or three-quarters of a mile from City

Hall, accommodating without ferry transfer the population in all direc-

tions. Adding the branches within ten miles makes the number of

roads practically twice as great. There are stations, too, by the score

within what for this purpose we may consider city limits.

In order to facilitate comparison of some of the elements that enter

into the question, I have gathered some data as to distances, population,

area, etc., and present them in tabular form herewith. I have aimed to

make the comparisons on an approximately even basis, but various com-
plications make it impossible to be at all exact; for example, my figures

generally are meant to refer to transit without change from start to

destination, but I have included the New York Central Railroad and
some smaller ones (though their terminals are miles from City Hall), ex-

cluded the East River Bridge, and included the Revere Beach road;

furthermore, some census figures are a good deal out of date.

For short distance travel there seems but little doubt that street rail-

roads at the surface will maintain their position. They are cheap, go
everywhere, lake the passenger near his starting-point and land him
near his destination, receive and land the passenger at any point on the

street, and save climbing and descending stairs. On the average these

advantages may be counted as equal to ten minutes in favor of street

cars ; or for a passage within one or two miles of City Hall elevated

roads will offer little if any advantage over surface roads. Improve-

ments in motive power will be a gain to them as well as to elevated

roads. As regards the cost, as indicated by stocks and bonds, the

amount for our street railroads is about $75,000 per mile, while for the

New York elevated roads it is about $1,500,000, divided about equally

between stocks and bonds, the ratio in the comparison being 20 ; what

the ratio would be if both were rendered anhydrous I make no attempt

to decide. The elevated railroads carry about half a million passengers

per day, which is a good deal more than all the street railroads in Massa-

chusetts carry.

Comparing the data in the table (which apply only to the territory

within 10 miles of City Hall), we see that in New York the population

per square mile at different distances is from about 4 to 24 times as

great as here ; per mile of railroad, 3 to 9 times
;
per station, 1 to 8

times ; the area per mile of road, about ^ to £$ as great ; the area per

station, T
8
,j to t

3
q as great ; length of railroad per station, T% to T% as

great ; and time of passage from City Hall there and from terminal

stations here (omitting passages within the two-mile limit) is about one-

third less here than there, even with only our present roads.

In view of the conditions as we find them here, it seems to me that we
are likely to reap the most benefit from a given expenditure by the con-

struction of a short elevated road through the city, making connection

between the present terminal stations on the north side of the city and
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those on the south, and then running trains from the suburbs on one side

to those on the other. Such a scheme might be supplemented by the

addition of branches, and very likely in some cases by elevated roads or

roads that are elevated, surface, depressed or in tunnel, as the special

cases require. The conditions seem to be too complicated for one simple

solution. An important point is that no plan should be entered upon,

unless it is thoroughly considered, that will be out of harmony with the

roads that furnish the chief means of transportation at present, either

as to gauge or type of rolling stock that will be admissible; also that the

roads that now penetrate nearest to the centre should not hastily abandon

the terminal part of their roads. Such a connecting road would natur"

ally be owned by a separate corporation controlled by the present roads,

and very likely some degree of pressure would be needed from the Legis-

lature to set the wheels going.

To be sure the future may have improvements in store that we little

dream of now; very likely many of us have devoted considerable thought

to some pet schemes of our own, but such possibilities are of little ac-

count in considering what improvements are feasible under circum-

stances as they now exist.

Such a road would relieve the present terminals and the street rail-

roads; it would give the principal centres, such as the markets, financial

institutions, wool, leather, furniture, retail shopping and other interests,

quick communication with nearly 200 suburban stations, and would fur-

nish us what I might designate as the missing link.

Comparison of Rapid Transit Facilities in Boston and New York.

This table is intended to apply to such territory (within the limits

designated) as is supplied with passenger transportation by steam with-

out transfer; but there are some exceptions as to transfer. The time of

passage (in the last column) is from the terminal station in Boston and
from the vicinity of City Hall in New York to the more distant point

given in the column of distances on the corresponding line.
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[Note.—The close correspondence in some points between the views!

stated above, which I have held for many years, and those presented by
others is quite marked. I believe the conclusions were reached entirely
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independent, and that the agreement is the natural result from the

conditions of the case.]

Discussion by Members of the Bostox Society of Civil Engineers.
[February 20, 18S9 ]

By Eliot C Clarke.

Undoubtedly the scheme outlined by Mr. Manley would benefit greatly

those persons who wished to cross the city proper in going from one
suburb to another. But there must be comparatively few such travelers:

not the twenty to fifty thousand daily who would be needed to pay
operating expenses and interest on the cost of such a road. The great

bulk of travel hereabouts is done by the one hundred thousand persons,

more or less, who leave their homes in the morning to go to their places

of work and who return in the evening.

Now it seems to me that most of these persons already are provided

with reasonably rapid transit. Those who live within two miles of

their place of business can reach it in thirty minutes, either by walking

or by riding part way in the horse cars. Tho3e who live within six

miles, and not more than one-half mile from a railroad station, also can
reach their work in about half an hour. This is no longer time than the

average New Yorker spends in similar travel via his elevated roads.

The nine terminal stations in Boston are all within ten minutes walk of

the business centre of the city. An elevated road through the city, at

best, only could reduce the average distance to be walked one-half, and its

stations would not be so commodious as those we now use. The Provi-

dence division of the Old Colony Railroad now runs fifty suburban pas-

senger trains each way daily, and could double this number if necessary.

So could the other roads. Would it be a real benefit to most business

men and women to lessen slightly the little daily exercise they now
take by walking ?

An elevated railroad is, of necessity, an unsightly nuisance, and es-

pecially would it be so in the narrow, crooked streets of Boston. Build-

ing one here only could be justified by extreme need.

I recognize that there are populous suburban regions situated midway
between existing railroads, whose growth is retarded by the need of

more rapid transit, and whose people would be much benefited by having

elevated roads leading to the city. But it would not be practicable to

reach all such districts by such means. All things considered, it seems
to me that the most practicable thing to do would be to build, at fre-

quent intervals, surface railroads, horse, cable or electric, at right angles

to the existing steam railroads, as feeders for the latter, and have a

single or coupon ticket good for a ride on the two roads.

By Thomas Doane

Mr. Manley proposes an elevated railroad through the city of Boston
from the north to the south side, and preferably on and over private

grounds to be bought, and not through the streets.

He would connect with it the steam railroads approaching Boston.

The present stations of the roads are upon the margin of the city, at

the water's edge, and they could not rise to the necessary elevation with-
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out raising their roadways across both Fort Point Channel and Charles

Eiver. This would involve the loss of the use of their present stations

and grounds, and involve large expense.

Mr. Manley proposes, as I understand, a single line, but with a suffi-

ciency of tracks. It would require a great amount of land for way, and

a large area in the very heart of the city, at enormous cost. The four

railroads at the north side of the city are now proposing a union station

covering eight acres to accommodate its 250 daily train arrivals and de-

partures. To include the other roads would bring the total number of

trains to near 500.

This necessitates a train, during 15 hours of the day, every 1^ min-

utes, ana at certain times of the day several trains per minute.

Arriving trains can be unloaded in a minute or two, but departing

trains, for long distance travel at least, must be in waiting about fifteen

minutes.

It hardly seems possible that the entire railroad business can be done

in a single station. The necessary size in the needed locality would

require vast sums both for land and buildings, and the narrow streets

known to exist in the required locality would be gorged beyond endur-

ance.

The long travel passing through Boston must make a change of tiains

at this station. The cars and engines of one road would hardly be per-

mitted to pass through Boston and go to other destinations over other

roads.

An arrangement might be made for suburban travel to pass on con-

tinuous trains through the city and return, but this travel from one sub-

urb to another without a stop over in the city is very light. If coming

to the city for the day it would be necessary to accommodate it by stops

near the entrances to the city, as well as at a central station. This would
very much interfere with the rapid transit feature of the project.

Business has adjusted itself to the present position of affairs. Those

mechanics and laborers who reside in the suburbs, have their business

location largely around the margin of the city. They naturally go into

the suburbs over that railroad which has its station nearest to their places

of business. That is, the North End people go and come over the Fitch-

burg. Boston & Maine, Eastern and Boston & Lowell Railroads; the West
End people by the Boston & Albany and Providence, and the South End
by the Old Colony. It is but about one mile across the city from North
End stations to the South End stations. By an elevated road numerous
stops in this mile could hardly be made without blocking the road.

Professional men more largely go to the centre of the city.

It seems to me that it is clearly easier, and better, and quicker, to dis-

tribute the people from numerous stations than from a single one, or

from such stations as would be permissible upon a single line. Most
people would be able to reach their destinations much quicker by walk-
ing than by riding, even were a conveyance immediately ready to take

them up. and in addition they would save their 5 cents fare each way,
which is important to most people.

That passenger service through the streets is slow and unsatisfactory is

admitted, and that it will in some way be bettered can hardly be
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doubted. Even now there are many projects for elevated roads in Bos-

ton, most of which have abandoned the idea of using steam as a mo-
tive power. Electricity and cables are talked of, and compressed air

engines are used abroad.

There is another scheme for which I have made surveys and estimates

of cost. It is a belt line running about Boston at a distance of five or six

miles, and reaching from East Boston to South Boston. Its length

would be about 22 miles. It was arranged for a first-class double track

road, and had no grade crossing of either highways or railroads. All

the steam railroads were, however, connected with it by easy inclines,

making it possible to transfer both passengers and baggage in their cars,

as well as freight, from any road to any other. Such a road would cross

and connect with all steam railroads and suburban horse railroads, and
give the necessary accommodations between suburban towns.

It would pass near to almost all of the public parks and the various

cemeteries, and make easy access to both north and south sea shore.

It would also make a most delightful pleasure excursion in the summer.
It seems to me that some such plans as thess would solve our passenger

problems much more satisfactorily and at much less cost, both to the

corporations and the passengers, than would a single elevated line di-

rectly through the city.

There is one other objection to an elevated 4 to 6 tracks road through
the heart of the city. The noise occasioned by the moving freight and
passenger trains would be so great and continuous as to utterly destroy

the utility and value of all property in the neighborhood, both for office

and residence purposes. The dust nuisance would also be insufferable.

By Clemens Herschel.

The arguments brought here to-night against the system of rapid

transit for Boston, proposed by Mr. Manley, are completely answered,

as it seems to me, by the experience of the city of Berlin with just

such a system. Three years ago, when in Berlin, I improved the op-

portunity to study the practical operation of its elevated railroad, and of

its belt road, and, as a result, came away very much impressed with

the perfect working of both. The old railroad end stations are used

principally as outward stations for long distance passenger travel ; one

of the elevated railroad stations forms the principal inward passenger

station for all the roads, fcr the simple reason that more people with

luggage wish to stop there than at any of the other elevated stations.

While this station and all the other elevated railroad stations are used

indiscriminately, and in either direction of travel, by all local trains; in

contemplating which picture of the passenger circulation it must not

be forgotten that the elevated railroad has four tracks, and, in modern
parlance, is run for all it is worth.

Freight traffic is interchanged between the several roads, ma'nly by

means of the older belt road, thcugh it also has some passenger trains

upon it.

I agree with Mr. Manley that the Berlin system appears better adapted

to the needs of Boston and vicinity than any other system yet tried in

other cities. The thing to be aimed at is to create a line or lines of least
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resistance., from ariy point within a radius of, say, 20 miles of City Hall

to any other point within the same area. Carrying Mr. Manley's simile

still further, the requirements with regard to the possible passenger traf-

fic within this area are not unlike the requirements of a water distribu-

tion system within the same territory. Only that the main tendency

will be to pulsate from all over this territory to a central circle of one

mile diameter, and out again, twice in twenty-four hours. This granted,

what should we say to a system of pipes for water distribution which

was chopped off on approaching from any direction this one mile circle,

which had the main pipe come to so many dead ends on reaching the

confines of this circle, and which then called upon the users to force the

water across and into this central portion through small pipes by horse-

power pump.3 ; or, to judge from the remarks of some of our conserva-

tive members, would fain have the people carry the water beyond the

dead line and these dead ends in pails.

To my mind the difficulty to be encountered is one of organization and

finance alone. The fact that two of our members, independently

studying the subject, and writing upon it, have come to identical con-

clusions, is to me very weighty. And, as I have said, experience in

Berlin justifies the conclusions they have reached. I believe a proper

study of the problem would leave little doubt as to the proper remedies

to be applied. But to acquire those remedies becomes more difficult.

We are, unfortunately, as I view it, not organized to carry on works of

such magnitude by public enterprise, unless it be with respect to build-

ing sewers, in which line the doctrine of scare can be and repeatedly has

been successfully invoked to urge them on, thus creating the public

sentiment in favor of, and from some source necessary, to the construc-

tion of such very great public works.

In the case of gas-works, street railways, and, as now proposed, local

railroad passenger travel, in the matter of good highways, new water-

ways and other needed public works, we are either dependent for the

execution of comprehensive works, of the kinds enumerated, upon the

powers of comprehensive consolidations, or must do without them alto-

gether. So soon as large consolidations have taken place, and plenty of

examples could be cibed to prove it, works which previously had been

only discussed and wished for, became at once matters of course, and in

a very short space of time were made beneficent realities.

So in this case. As stated by Mr. Manley, and as it certainly seems to

me, a pooling by all the railroad lines ending in Boston, of their local pas-

senger traffic, with agreements for a common use of connecting elevated

or other roads,would readily create works which would very perfectly fill

the needs of Boston in the line of her increased growth and of her prog-

ress ; at the same time rendering unnecessary, nay more, preventing the

harm that would arise, from the chartering and the construction of

many disjointed pieces of elevated railroad. of manifold make.

By Edward W. Howe.

The scheme proposed by Mr. Manley is a grand one, and one that

would undoubtedly be of great benefit to a large portion of our people, at

least to those residing on the lines of present steam railroads.
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There has been a great demand during: the past ten years for a system

of rapid transit of some kind. Now from whom has this demand come,
and what is it that is demanded ? Have the people living on the lines of

the steam railroads at distances of five miles and upwards been complain-

ing of the difficulty of reaching the city or of passing through it ? Have
the residents of Maiden been petitioning the legislature to grant them
better facilities for reaching Mattapan, or have those of Weymouth been

crying aloud that their happiness depended on being able to reach Wal-
tham without change of cars ? Or have the people of these localities felt

themselves greatly aggrieved because they could not go from their homes
to their places of business without great inconvenience? I think that

most of you will admit that these are not the sources from which the

great cry for " rapid transit " has come.
If you will look at the map you will see that South Boston extends

eastwaxdly from the lines of the Old Colony and New York & New
England Eailroads for nearly two miles, City Point being about three

miles from City Hall by the present lines of travel. This section

is occupied by a population of about 60,000, who have no means of

reaching the city proper except the horse cars. Again, there is a section

between the New York & New England and the Providence railroads,

varying from one to two miles in width, and extending a distance

of four miles from City Hall, all of which is densely populated. This

district is also dependent on horse cars for reaching the heart of the

city, with the exception of a few residents living near the six stations

on the above-mentioned roads; and so badly are the people accommo-
dated that large numbers are in the habit of taking a 10 or 15 minutes'

walk to the steam railroad only to be carried to the stations in town
which are still a long distance from their places of business; they do this

rather than suffer the delay and discomfort of a 30 to 60 minutes' ride in

the horse cars.

Again, on the other side of the city there is a district between the Bos-

ton & Albany and Fitchburg railroads which is from two to three miles

wide, and includes nearly the whole of the city of Cambridge with its

60,000 inhabitants which are even in a worse situation. To these sections

may be added portions of Brookline and the Brighton District, Charles-

town, Chelsea and East Boston.

Now, as I understand the matter it is the people of these sections who
have been the signers of the various petitions for improved methods of

transportation in the city of Boston, and who would consider it a great

boon if they could be carried from their homes to within a distance of

one-half to three-quarters of a mile of the City Hall in the same propor-

tion of time to distance that Mr. Manley can from his home.
It seems to me that these citizens who are obliged to go back and forth

between their homes and their business every week day in the year, in

all kinds of weather, and be subject to all sorts of delays and suffer the

discomforts of crowding, etc., should have their demands satisfied before

the public should be put to the expense that Mr. Manley's scheme would
involve for the purpose of making it possible for a person in Dedham to

make an evening call on a friend in Chelsea, on a stormy evening, with-

out being obliged to raise his umbrella or put on his overshoes.
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Now, the question arises, what will satisfy the demands of these

people. I would suggest that two lines of elevated railroad be built, one

from City Point to Harvard Square, Cambridge, or beyond, and the

other from Franklin Park, in Roxbury, to Charlestown Neck. Through

trains could be run on these lines from end to end. Of course, they

would cross at some point in the heart of the city, where the grades

could be separated and a transfer station provided; by this means pas-

sengers could go from either of these four sections to either of the others

with only one change, and that under cover. Then, if it was desired

also to accommodate the patrons of the various steam roads, a line could

be built from the Providence station to the New York & New England

station, passing the Boston & Albany and Old Colony stations. This would

cross the lines of road from Roxbury and South Boston, where transfer

stations would be built. At the northern end of the city the line fiom

Charlestown could be made to pass sufficiently near the proposed union

station of the northern roads to afford easy means of transfer from them.

If it should ever be found desirable to unite all the roads so that trains

could be run from one to the other, as is proposed by Mr. Manlpy's plan,

then the tracks of each could be connected with the lines I have des-

cribed, and so everybody would be made happy.

This seems to me to be beginning at the right end and spending our

strength in furnishing something that a very large part of our popula-

tion are suffering for, before providing a system of which the most that

can be said is that it would be very convenient.

By Charles H. Parker.

In discussing the question of more rapid transit for the people of Bos-

ton, it is well to admit at once its desirability.

There is also but little doubt that great efforts are being made to solve

the problem. The eagerness manifested by different combinations to

secure legislacive charters for special plan shows, in a general way, that

each projector looks upon the matter as quite easy, from his stand-

point, the matter of details being comparatively simple. It is quite easy

to generalize, but it is only when we come down to particulars that the

magnitude of the task becomes apparent.

To give to Mr. Manley's opening address on this subject a fair discus-

sion, will require much thought and time, and as the object of his paper

is to open up the subject, it seems to me the way to approach it is to

bring forward the difficulties and objections from every point of view,

in the hope that our society, as practical engineers, may as a body add
something useful to the solution of this problem. While, therefore, many
of us may, in the discussion, appear nominally as opponents, it will only

be in appearance, in order thoroughly to investigate every point.

In the first place, let me ask how much is Boston to-day behind other

cities? Is it anyV There is hardly a city in the United States with a

suburban population scattered over such a large territory, that is supplied

with as good and extended a system of steam railroads, or one that lands

the bulk of its passengers within a circle of so small a radius. The
average time spent by the suburban citizen in walking from the terminal
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of his road to his place of business need not exceed 13 minutes. I say

the average, because it is the question as affecting all that must be con-

sidered. For the sake of light, air, elbow-room, our passenger considers

it no great hardship to spend twice this time at the home end of his

journey. He would still do this in connection with any other system.

The 10 or 12 miles intervening between the home depot and terminal

is covered at the rate of 20 miles per hour on the local, and 30 miles or

more on the express. If one desires rapid transit he can time his daily

movements to use the express, so that the distance of 12 miles from the

suburban depot to one's place of business can be covered in an average

time of 33 to 35 minutes. Now, where can we find a city in which as

much rapid transit can be found ? Even the city of New York, much more
favorably located and shaped—being a long, narrow strip of land, with

its three or four parallel lines of double-tracked elevated road— does not

do it- For an equal distance in miles lengthwise the island, a passenger

travels slower than one does entering Boston via our steam roads from
the suburbs.

To be sure he has more frequent trains, but this is because the homes
are concentrated on the long, narrow island, served by two or three

parallel lines, instead of being scattered around the the concentric rings

of a wheel, intersected and served by 14 or 15 radial roads, all running to

the hub.

In proportion to the total number to be carried, these 14 or 15 radial

roads, counting branches, run in the aggregate as many trains as the

New York system.

Thft difficulty seems to be, not so much the means of rapid transit, as

the failure of the suburban dweller to concentrate on the spokes of our
wheel. The locking up, by speculators and investors holding for a rise,,

of desirable lands and estates adjacent to lines already in existence, pre-

vents this concentration, as well as the establishment of depots at shorter-

intervals.

It forces the would-be suburban dweller away from the immediate
vicinity of these lines, to points where prices are lower; then, after he
locates, he ever prays for another road or branch to come through his

location in order to give him better facilities and increase his values.

This much is presented as regards the surrounding territory. Now it

is proposed by Mr. Manley to unite all these different systems, either by
agreement to pool or consolidation, for the purpose of establishing a con-

necting link between the whole and reach other points not now reached

by the present system, and to secure in conjunction rapid transit for the

suburbs as well as the city proper.

Let us examine this question :

The present railroad system of Boston from the south and west is

practically an underground or under grade one, and so far as the New
York & New England, the Boston & Albany (and inside the city limits,,

the Boston & Providence) are concerned, must remain so. The Old

Colony and the exceptional points on the Boston & Providence will in

time wholly become so. The systems entering from the north and east

seem destined in time to become an elevated system. Further con-

solidation or exchange of terminal stations to secure freedom from
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present railroad grade crossings will not interfere with such an elevated

-system.

To connect all the Boston systems by an elevated system, the location

of the connecting link must be far enough out on the Southern and West-

ern systems to keep entirely clear cf their present undergrade system,

and the whole Northern and Eastern must be changed to an elevated

system.

From this it seems that this proposed system of elevated connection

must enter the city proper on the north side, via some of the present

lines crossing the Charles River.

Assume this to be the case. Our connection with East Boston, Chel-

sea, Maiden, Charlestown, is feasible with a branch line, or by lines al-

ready existing, and our connection with Charlestown, Somerville, Cam-

bridge, across Charles River again, and by some feasible route around

through the western suburbs to the Southern roads, and enter the city

again via Dorchester, South Boston, across Fort Point channel, as an in-

dependent elevated road (which you must do in order not to destroy the

present undergrade system), thence by any one or two ieasibie routes to

the northern end.

Allow that all this can be done. Also, if you please, the passage

through the city proper so as to reach that part of the city occupied by

the business and working people and the shoppers. Allow double tracks

with trains both ways—keep in mind we are after the rapid transit,

either on foot, riding, any way. The question is to get there quickly,

with the least trouble and expense.

Now, how many people living on the present lines of steam roads

would use such a line if in a hurry? Could they reach their place of

business as quick? I think not. They would keep to the present lines

and take the 12 or 13 minutes walk from the present terminals.

Assume that many not now reached would be. That much desirable

property would be developed. Cannot the same be accomplished by ex-

tensions of our present systems, and at less cost? That this necessarily

circuitous route will give us more rapid transit is an open question, with

the odds seemingly against it.

Leaving this external connection of our present systems for further

discussion, let us turn attention to an internal one, or to that part of the

above within city proper limit?, whether controlled or not by present

roads.

Allow, if you please, that change of cars at terminal stations, to

elevated, was made possible. Whether or not the increased accommoda-
tion in the suburbs is brought abouk by a new elevated road or by the

improvement and extension of present systems, the passenger when
he strikes the city proper limits is no nearer his place of business than the

present terminals land him. He has got to get through the city or into it.

The situation is much as follows :

We have a 600 or 700 acre lot, about a mile long, and at its widest part
nearly a mile wide, bounded by (starting at the Providence depot) Elliot

street, Kneeland street, Atlantic avenue, Commercial street, Causeway
street, Leverett street, Green street, Court street, Tremont to West street

Gate, thence via the Common to the Providence depot.
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Into this 600-acre lot it is only a question of a few years, at the present

rate of increase, before we will pour, during three hours in the morning
and out of it during three hours in the evening, probably 259,000 people,

or, in round numbers. 75,000,000 per year. Allow that two-thirds of this

number will either walk or be carried by other means of conveyance,

and give the other one-third to our elevated system, that is 25,000,000 per

annum traveling each way. Now. with its broad, straight avenues and
stations at wider intervals than we should demand for rapid transit, the

present heavy and cumbersome system of the New York L*s has a maxi-
mum capacity of 5,000,000 per annum per train-mile, so that, with our

twice 25,000,000 carried one way, we will require ten miles of track to

handle it. You may say my figures are extravagant. I think not, for

the future needs of the Boston of 1,500,000 people. Still, halve the

amounts, and call it five miles of track.

Now to land your passenger within an average walk of less than thir-

teen minutes, you cannot go around the circumference of your lot. Tou
must go through and across it, because there is where he wants to go.

Your road must be the great artery from which he can branch light or

left, and still he will have an average of five or six minutes to walk.

And if you can find a place to locate this five miles of track, or say two
lines of double track one mile each, with one mile for siding, switches,

crossings, or what else, or a figure 8 double track road crossing itself un-

der Beacon Hill—how much quicker, including stops, unloading, start-

ing again, getting up to speed, can you land him at a point where his

average walk of five minutes, added, will get him to business ahead of

the fellow that started to walk his average twelve or thirteen minutes

from present terminals?

If he wanted rapid transit he would not mount your elevated road,

but trust to *' Shanks' mare." The small percentage that wish to go

completely across the lot is but of little moment as affecting the whole.

The territory seems too small, its winding ways too crooked and nar-

row, its real estate too valuable. Boston's business must spread

out. Our 600-acre lot must be given up in time to wholesale

business. More street widening through unimproved property will yet

have to be done. Our teams, carriages and foot passengers, must have

these thoroughfares to get across our lot, and it may be even a question

of time when the present surface roads must keep outside, and their pas-

sengers will find more and more,what many now realize, that rapid transit

across it means that they must " hoof it."

When the retail and manufacturing business of the city spreads out,

even far outside the location of the present terminals of our railroad

system, to the south and west over our underground system, and to the

east and north under an elevated system of the present lines, we shall then

realize, better than now, the benefits of our present terminal locations,

and perhaps receive the congratulations of our sister cities at our escape

from the hasty adoption of the elevated system.

As engineers we must, of course, not oppcse progressive methods, but

it is just as obligatoiy upon us to keep conservative until it is shown
clearly that such a course is also progressive. Our motto should be
" Hasten slowly."
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By M. W. Oliver.

The paper by Mr. Manley on " Rapid Transit in Boston" presents a

subject that, I think, should be of much interest to this Society. It is

certainly as much a legitimate local field for our interest as the subject

of water-works or sewerage or any other public work. I am glad that

it has been presented, and hope the Society will not abate its interest in

the matter until the subject has been lifted out of the ruts of a horse-

car track and the problem of rapid transit in and about Boston has been

fully and properly solved.

In the evolution of all such matters there generally comes a time when
a new departure seems to be required, and let us give the credit of in-

itiating a new departure in this matter to the West End Railroad Com-
pany, to whose kindness and courtesy we, as a Society, are indebted for

our first ride by the power of electricity, and an opportunity to examine

their works to the extent of our curiosity in January last.

Bat without disparaging the merits or conflicting with the interest of

anything that is being done, for it is a great step in the evolution, I

think it is perfectly apparent that the time has come when a broader

and more comprehensive view of the whole subject should be taken

than ever has been heretofore, both from the point of municipal and
general railroad interest, and also from an engineering point of view.

And I think we may very properly say that from an engineering point of

view it seems that something yet more comprehensive, thorough and
permanent is desirable, and that it would be wise to make a forecast, so

as to utilize to the best advantage, and secure harmony with, what has

already been done or is being done, and what will be required in the

near future.

The scheme of a regular full-sized railroad overhead across the city to

connect all the railroads on the north side of the city with all the rail-

roads on the south side of the city, may be a scheme of such mag-
nitude and boldness as to seem to some persons visionary, and
perhaps unnecessary and not adapted to facilitate rapid transit, es-

pecially in the central part of the city. But it deserves candid consider-

ation and need not conflict with any interest. All the surface roads that

can pcssibly be allowed will always be wanted. No favorite route or

patent pet chimerical methods of construction is proposed, but a clear

cut idea to have one grand through road across the city, both for passen-

gers and freight, so located and constructed according to the best engi-

neering methods as to serve the intermediate needs, and be the trunk line

of a comprehensive system that shall be susceptible of extensions to

meet future growing requirements.

In this connection it should be remembered that the location and grade
of some of the steam railroads through the near suburbs of the city,

especially through Cambridge and Somerville, are very objectionable

and dangerous, and that a remedy will be imperatively demanded in the
near ftiture, and the changes of location, or the elevation of these roads,,

may be no small factor to be considered in solving the problem of such
permanent work within the city, as proposed.

I consider that this scheme, or its equivalent in general features,

should be the ultimate object of any plan that pretends to be compre-
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hensive enough to meet the necessities for any considerable time after

its completion. But as necessities are now pressing, it is apparent that a

scheme of such magnitude cannot be even commenced in season to

answer present needs.

In view of ultimately having a comprehensive and harmonious system
of elevated roads, it must be apparent that fragmentary parts should

not be allowed to be built on favorite choice routes, and perhaps of

chimerical methods of construction and odd gauge of track, that could

not be made ultimately a part of a harmonious system. If such frag-

mentary and miscellaneous construction were allowed, there would very

likely result a confusion—worse confounded than the approach to the

city of the present steam railroads.

By Arthur L. Plimpton.

1 would emphasize the fact that the plan Mr. Manley offers has this ob-

jection to it, namely : It would not accommodate the wide areas of

population which lie in between the existing surface steam roads, which
areas increase practically with the distance from the centre of the Hub,
unless numerous and objectionable branches should be constructed. And
it certainly would not pay on these branches to run trains with sufficient

frequency to make what could be called rapid transit. For I hold that in

estimating the time that it takes for a business man to go from his resi-

dence to his place of business, you should include the time he spends in

waiting for the conveyance, and not merely the time consumed while

being carried.

The problem is how to take people rapidly from any part of the city to

all other parts. Therefore, you must have lines running everywhere.

This, in effect, is what the street cars do ; and if we could increase with

safety their speed, and avoid the annoying blockades, the desired end

would be accomplished.

With electricity as a motor, there will be no difficulty in running at

the desired speed on all of our avenues, excepting those included in that

part of the citv proper north of Dover street. Take Washington street,

Tremont street, Huntington avenue, Beacon street, Main street in Cam-
bridge, Main street in Charlestown, and Broadway in South Boston, these

are all of sufficient width to allow the same rate of speed, with safety,

that is attained on the cable roads of our Western cities, and which so

perfectly solve the problem of rapid transit. With electricity as a motor,

there can be a slight increase in the running of the cars, even in the

above exceptional part, owing to the fact that the car can be started so

much quicker, and is under such perfect control, that when there is a

clear track for a short distance advantage can be taken of it.

Now, in my opinion, the public, as a whole, will be satisfied with such

an improvement as the above would be. should it be adopted on all the

street cars. But, if the demand should be so great for more rapid tran-

sit acioss the city proper, that even an elevated road would be welcome
on Washington and Tremont streets (where it certainly must go if it is

going where the people want to go), then I would strongly recommend
the following plan, which has been suggested to me, since the meeting, by
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a gentleman of large experience in such matters, and one whom I con-

sider to be most ably fitted to see what all the results would be of any
radical change. He considers it the most feasible way of solving the

plan and so it seems to me.

We have brought the cars in, for] example, over the wide part of

Washington street at good speed; at this point a certain part of the cars,

which we will call the through cars, would be lifted by means of eleva-

tors at once to the level of the elevated tracks, and after starting would
not stop again until a station, at, perhaps. Summer street, was reached.

The elevators would be located off the streets, and the power would be

the same to run the cars on the level, the elevator, and the car on the

elevated track.

That is the whole story; there is no need of elaborating it. It explains

itself. It limits the objectionable elevated'road to just such part of the

city as. from its narrow streets, forces^us^into it. It avoids the long in-

clines which Mr. Manley's method^necessitates, which would so change

the grades of crossing streets that the damage to property would extend

so far from the line of the structure]that^it would cost untold millions

before it could be carried out. It would-be a part of the system that

now covers some 250 miles of track, and which will continually be added

to as our city grows.

By C. Frank]Allen.

In discussing a matter of this sort it is'desirable to know exactly what
the problem is, and wherein lies the difficulty which requires a remedy

;

and it seems to me that the present case may be described something as

follows: There is a certain portion of the population residing within

half an hour from the door of their residence to the door of their busi-

ness, and it is my belief that this half hour of travel is not considered

burdensome by most people, and we should not be justified in making
any very large expenditure to improve their transit facilities. There is

another certain portion of the population doing business in the city, but

living an hour or more in time fromj]the city, and these people, it

seems to me, evidently feel the necessity for rapid transit so

little, that we should not be justified in making any very large

expenditure to improve their transit facilities. There is, how-
ever, another portion of population living in a belt of country between

the other two portions, and most of thesej people may be considered

to be just beyond the reach of what may^fairly be considered rapid tran-

sit, but not so far away but chat improved^facilities are constantly de-

sired. This intermediate class is a very large/me, and it would be profit-

able to make a considerable effort to accommodate them. Most of the

people of this intermediate class are]at present served by the horse rail-

ways rather than by steam railways, and it'is believed that they would
be reasonably satisfied if brought within 30Jminutes from door to door.

It seems to me unwise to have as3umed;that no substantial relief can be

secured from the street railways. It does not follow that a speed of 6

miles per hour is the highe3t]that will ever be^allowed in Boston. Cable

road3 are successfully operated in other cities and seldom at a less speed

than 8 miles per hour, while in^Chicago'certain lines run at 14 miles per
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hour, and we have the authority of Mr. Holmes, of the Chicago lines, that

in Chicago the cahle cars run with far greater freedom from accidents

than the horse cars. By the use of cable cars, or perhaps preferably elec-

tric motor cars, the speed could be increased sufficiently to extend the 3C

minute limit about a mile. In addition to this, in the direction of Rox
bury and Dorchester, the West End Railway Company might set aside,

say (a) Shawmut avenue, and (o) Harrison avenue and Hampden street,

for through travel, making no stop from (a) Eliot street, or (6) Kneeland
street, until Dudley street should be reached. By improved methods of

operating in this and other ways, the 30 minute limit could be nil I

further extended so as to include most of this intermediate class, while

those living within the present 30 minute limit would receive a pro-

portionate benefit.

It seems to me that 30 minutes is a reasonable time to take as a limit

within which little dissatisfactiou would be felt. I believe that as far

out as the Roxbury Post office, the horse-car service is reasonably satis-

factory now; and not very many years past, when the greater part of

the population lived within a 30 minute limit, little or no complaint was
made, and even of late the dissatisfaction has not been marked, except

when, through change of management or other cause, the horse-car

service has temporarily deteriorated.

Whether 30 minutes or some other number of minutes be the proper

figure to use for the purpose, it seems to me that we should look to the

improvement of the present street railway lines in the way of increased

speed and improved methods of operation, expecting that the situation

may be so far relieved that for the present, and for some time to come,

there will be no necessity for the extraordinary (though not necessarily

unwise) expenditure required for Mr. Manley's scheme.

By Henry Manley.

There seems to be some misapprehension as to the reasons for advocat-

ing that trains should run through the city instead of coming to the

city and returning. In the first place, it requires a large amount
of valuable space in which to accomplish the feat of turning a railroad

train, and secondly, much better service can be rendered by not turning.

For instance, a train brings in a load of passengers in the morning, dis-

tributes them throughout the city, and then instead of returning nearly

empty through the city, it rapidly pushes on into the country in the op-

posite direction from which it came for another load. Each stop is also

a departure, and the whole ceremony of backing out of the station, turn-

ing the engine and getting it to the other end of the train, backing into

the station and waiting to fill up the train, is avoided, or rather is com-

pressed into the one stop, thus annihilating time and space, which I take

to be the special mission of rapid transit.

It is not contended that the inhabitants of Dedham have an intense

and unsatisfied longing for visiting Chelsea, though, perhaps, it may
equal the desire of the denizens of City Point to visit Cambridge, or the

people of Mount Pleasant to see the classic precincts of Charlestown Neck

or those of Roxbury Crossing to travel to Winthrop Junction. Yet the
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West End road finds its reward in providing transportation between the

latter places—all for ore fare. The point does not lie in traveling as far

as the money will carry you, but it enables a resident of any point on
each of these long lines to visit any other point, by which arrangement

the largest number of people are accommodated, and the ccffers of the

railway company filled.

The advantages of the system are also shown by applying Mr. Doane's

figures to the case. He assumes that 125 trains arrive and leave the

Northern stations daily, and an equal number from the Southern sta-

tions, making 500 arrivals and departures. Now on the proposed road,

with through trains, each arrival is also a departure, which halves the

number, and as the stations will be on opposite sides of the road, with

no connections between them, this halves the number again, so that if

all the trains which now arrive and depart from Boston were to run over

the road as proposed, the stops at any particular station would be just

125 per day. This spread over 15 hours gives a train every 7A minutes,

It would be necessary to provide at least three times this number of

trains at the opening of the road to sufficiently accommodate the in-

creased travel. The Third avenue elevated road in New York runs 57

trains (round trips) per hour; the Sixth avenue, 50, and the Second, 43,,

and the reason why they are not run at more frequent intervals still is

lack of switching capacity at terminal points. The average stop at sta-^

tions is 15 seconds.

The Boston & Albany Railroad brings into Boston about 10,000 passen^

gers daily, and takes out an equal number. If from any cause the ter-

minal station could not be used, it would be entirely feasible to receive

and deliver all these people at the two small stations at Columbus ave-

nue and Huntington avenue, always provided that trains make only the

stops now made at those stations, and use the present yard room for

turning.

The amount of land required to connect the Northern and South-

ern stations would not be large. The distance is about a mile, and a
sixty feet wide location is but little more than seven acres to a mile,—

•

less than the area required for a union station for the Northern Rail-,

roads.

The argument that business has adjusted itself to the present condi-

tion of things is simply a statement that natural inertia is opposed to any
change. Business will adjust itself to improved circumstances with the

greatest readiness.

The strongest proof that more rapid transit is needed, is given by the
universally admitted fact that walking is the quickest way to reach any
desired point in the heart of the city. Now, walking is a method of
transit which is very old, and there is no record that it has been materi-
ally quickened in the last 4,000 years. It is also an excellent mode of
exercise, and will still be open to the public when more speedy methods
of travel are introduced.

It is not contended that the connecting link will bring this road to

every man's door, but it will provide trunk routes in all diro ctions,

which by judicious extensions can be made to cover the whole ground
in a comprehensive manner.
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By Albert H. Howlasd.
Id order to reach a conclusion as to what course is feasible to improve

our local passenger transportation. I think a study of the table that I

made out (see page 287) will be useful, and as I omitted the reading of

the table at the Society meeting, it may not be amiss to point out the

bearing of some of its data, for I think it contains in a large degree the

gist of the question.

An elevated railroad is very expensive, and requires a dense popula-

tion to support it, so that there arises the question: How far into the

suburbs can such a road be profitably extended ? The cost of the New
York roads, according to their capitalization, is $1,500,000 per mile, and
that 1 think is without including damages to abutters. But assume
that the cost here would be only half that amount, and that no allowance

need be made for damages or for draw bridges. Then the interest at six

per cent, will be $125 per day ; operating expenses will be at least twice

as much, so that gross earnings must be $375 per day, and the mile of

road must have a patronage of 3,750 passengers at ten cents each per day.

Assume that the tributary population must be three times as great

and that it occupies the territory for a half mile each side of the road,

and deduct 10 per cent for patronage contributed by the rest of the road.

With these assumptions and with no allowance for competition by other

roads it wouldseem that it is feasible to extend an elevated road into the

suburbs only so far as a tributary population of 10,000 per squire mile

is assured. Reference to the table shows that the average population per

square mile between the 2 and 3-mile limits is 15,000, but is only 3,700 be-

tween the 3 and 5-mile, and 1,100 between the 5 and 10-mile limits. Brigh-

ton (which is nearly all between the 3 and 5-mile limits), if it had a popu-

lation of 10,000 per square mile, would have 40,000 inhabitants instead of

its 10,000; Dorchester (which is nearly all between the 3 and 6-mile

limits) would have 70,000 instead of its 24,000 ; Newton (which is between

the 5 and 10-mile limits) would have 180,000 instead of its 21,000. Be-

tween the 2 and 3-mile limits the area is about 10 square miles, already

traversed by 9 steam roads (including branches), averaging only about a

mile apart. Between the 3 and 5-mile limits the area is 36 square miles,

now served by 15 steam roads (including branches), averaging but a lit-

tle over a mile apart. As regards the territory within the 2-mile limit,

it seems likely that the street cars will accommodate most of its popu-

lation as well as elevated roads would. Those who think that it is prac-

ticable for the people within these limits to be provided with a system of

elevated roads, should observe that the area to be covered is 53 square

miles within the 5-mile limit, whereas in New York it was only 11 square

miles, and that the corresponding population is not half as great here as

there.

Without considering in detail whether there are not a few special lo-

calities between, say, the 2 and 5-mile limits that might support elevated

roads, it seems to me that my figures show that it is out of the question

at present for that territory to be generally provided with a system of

such roads, and that the general welfare will be best promoted by util-

izing the 166 miles of existing roads within the 10-mile limit, with their

numerous tracks (constituting a plant that could not be duplicated by
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the expenditure of tens of millions of dollars), by first connecting them
so that for this purpose they would form a single system, and then im-

proving the accommodations in the suburbs by adding such branches or

parallel or loop lines (elevated or otherwise) as business may justify.

If a road has largely extended its terminal accommodations it may
thereby be put in a position to secure a greatly increased patronage from

the suburbs by a short branch or loop line, while without the terminal

improvements such increase would be out of the question. Take, for

example, the case of Harvard square and the Fitchburg road. If the

road ran to Summer street, then a three quarter mile branch to Harvard
square would enable it to carry passengers between those points in 15

minutes; but if, as now is the case, the would-be patron of the steam

road has got to make three trips of the journey and pay three fares, he

prefers to take the street car for the whole journey and spend three-

quarters of an hour in getting to his destination, and probably he saves

time and money by doing so. With the connecting road built probably

new stations would be opened within about the 2-mile limit where
now they would be useless; the table shows that the stations are as

far apart in this, the densely-populated part of the city, as in the

sparsely-settled territory between the 5 and 10-mile limits.

As regards travel from one suburb across the city to another, if one

could make a six-mile journey, say from Savin Hill to Everett, as

quickly as he can go from Boston to Lowell, it might often be con-

venient; if it could be done in half the time, probably such travel would
largely increase. But the accommodation of this inter-suburban travel,

instead of being the main object, is of comparatively little importance.

The great points to be gained are entirely different. This connecting:

road will give to the population (present or prospective) of some 200

square miles of territory within ten miles of City Hall as ready access

to two or three square miles, as it now has to half a square mile

of the busiest part of the city. From the table it will be

seen that there are 172 stations between the 3 and 10-mile

limits. The building of this connecting link will multiply three

or fourfold the territory near the centre of the city that will

be readily and conveniently accessible from nearly all of

these stations ; it will give the passengers from these stations the choice

of five or ten times as many points for leaving his train within, say, the

2 mile limit as he has now; it will give the laborers, mechanics,

clerks and others a much wider field in which to seek employment
without giving up a permanent home in the suburbs or abandoning the

hope of having one. If it be assumed that the average suburban resi-

dent now walks an equal distance to his suburban station and from the

city station, and that the connecting road would transfer half the city

walk to the suburbs, then what we might call the habitable suburban
territory will be more than doubled at some 150 stations. On the con-

trary, the building of an elevated road from the South End to Charles-

town would accommodate only special localities and would block the •

way to general improvement.
The fear that this connecting road will aggravate the present conges-

tion near the business centre, I think is groundless, except in so far as ifr •-'
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will cause the city to grow by making it a better place to do business in.

On the contrary, it will make greater diffusion possible. Business sticks

close to the centre now. because, in so far as it goes to one side, it be-

comes, to a considerable degree, inaccessible to customers from the other

side, but aconnecting road would make a large central territory equally

accessible from both sides.

The scheme that seems to me feasible is that the connecting road be used

for only the suburban passenger business; that the other traffic be con-

ducted as at present; that there be built two tracks of elevated road on a

tolerably direct route between the northern and southern stations, proba-

bly most of the way over the streets, but perhaps partly through the

blocks; that sharp curves and steep grades be used, so as to keep down
the cost, attain elevation in a short distance and obviate grade crossings;

that the road be located with a view to adding two more tracks in the

future; that it be owned by the present steam railroad companies and
the service be conducted by one management; that there be no central

station; that no fragmentary roads of such kind or so located ai to con-

flict with the construction or operation of this road be permitted. If the

use of steam on the connecLing road be inadmissible, it would be possible

to provide special motive power there.

It will be a great waste to the community if a separate system of

elevated roads be constructed in the heart of the city in such a way as

to prevent our present excellent and enormously costly system of steam
roads from being further improved, so as to carry their suburban pas-

sengers a mile further into the city without change of cars.

The mile of connecting road is liable to be so very expensive that

there is needed for its construction such fiuancial backing as would be

given by a combination of the steam railroad companies, and when it is

OQce built, the community should have all the benefit it can be made to

yield by its being available to all the roads that Cin advantageously use

it. including even new and independent elevated railroads.

LEGISLATIVE CONTROL OF RAILWAYS.

By Edwin E. Woodman, Secretary Chicago, St. Paul, Minneapolis
Omaha Railway.

[Read before the St. Paul Society, April 1, 1889.]

In a number of our States the Constitution provides that acts of incor-

poration may be altered or repealed at the pleasure of the Legislature,

thus taking those charters from under the rule in the celebrated Dart-

mouth College case. The efficacy of this reservation of authority by the

State was tested and judicially determined in the suit brought by the

Attorney-General of Wisconsin against the railroad companies that

opposed the regulation of their rates by what was popularly known as

the Potter law. The Supreme Court of Wisconsin declared that law
constitutional under the reserved power mentioned, and this decision

"was sustained by the Supreme Court of the United States, notwithstand-

ing the steadfast adherence of that tribunal to the precedent in the Dart-

mouth College case, abundantly showing that Wisconsin, Iowa, Nebraska
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and some other States exercised a wise prevision respecting the growing
power of corporations in general as a principal element in the develop-

ment of State and national wealth, and the corresponding need of their

being held in due subordination to law and government.

Nor in States like Minnesota, where this reservation of power is not

explicitly set forth in the constitution, have the courts failed to find a

ground for legislative control of railway rates, that ground being the

doctrine of the inalienable nature of the sovereign powers of a State,

such as the police power and eminent domain ; that where a franchise

to take a toll is granted, it must be considered as being in the hands of

the subject, but still belonging to the State and fully understate control;

that the right of eminent domain can only be delegated, not alienated,

and that corporations exercising it therefore possess a public character,

must perform a public function, and in their very nature and origin are

subject to the sovereign authority. This reasoning places railway cor-

porations in the. same category as municipal corporations, that for ages

have been held to a strict accountability to king or commonwealth in

the exercise of their franchises, and it removes them from the list of

private corporations, that universally have enjoyed a broader liberty

than the others. While the control of municipal corporations by the

S:ate is an inheritance from the Middle Ages, marking the rise of the peo-

ple, or the consolidation of political power in kingdoms at the expense

of feudal lords and of the independence of isolated towns and cities ;

and while such subordination is still essential to a due supremacy of the

S'.ate, to the union of all its parts in a well-balanced and operative

whole, the discussions by uur judiciary clearly manifest that railway

corporations have been forced under the same classification with munici-

palities, rather than fallen there naturally. The reason is that these

influential bodies corporate were not in che imagination, much less in

the rational view, of the ancient law-makers; that the rise of their

power called for new buttresses and the adaptation of old means to new
ends; that hence old names had to be applied to new things, in their

nature really nondescript. Thus the same judges who call railway com-
panies public corporations assert the inviolability of the property rights

of their stockholders, as if they were strictly private corporations; and
the resemblance of these companies to public corporations, as that de-

nomination was understood before the invention of the railway, certainly

is less near and obvious than is their likeness to private corporations of

unquestioned character, since they are the enterprises of private persons,

carried on with private capital and under private management.
These legal grounds of control having been sustained by the Supreme

Court of the United States, they have served as the foundation of the

restrictive laws that, especially in the Northwestern States, form so con-

siderable a body of ill considered and tentative legislation. But while

the legislator must find a constitutional warrant for his laws, the

student of social economy will look for a broader basis of support for

such control than possibly any constitution will supply, a support in rea-

son and equity, such as distinguishes the long-settled principles of the

common law. On such a view, the fact that a railway company pos-

sesses the monopoly, not legal and artificial, but circumstantial and
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natural, of a great deal of the traffic tributary to it, is the reasonable and
equitable ground of public control, the ground on which constitutional

and statutory restraints themselves should rest. Could the wealth and

power of these companies have been forecast by the great and wise men
who erected ;he safeguards of liberty on this continent, it would not

have been necessary for courts of the present day to put strained construc-

tions on constitutional powers, because the control of the?e cor-

porations would have been directly and explicitly provided for. In that

case it would not have become necessary to take the position that the

exercise of the right, delegated by the State, to take private land for

public nse, converts a private corporation into a public corporation. The
plain fact is, that no State, any more than an individual, will make
large bargains or concessions that are wholly one-sided, and benefit only

the opposite side. Where States have granted right of way over State

lands, or exercised the right of eminent domain on behalf of railways, it

has not been done that the whole benefit of the act, or any great part of

it, might inure to the small number of persons who owned the charter

for the road, not at all. If the building of a railroad create no public

benefit, the State, we may be sure, will not advance the project ; and
notwithstanding the effective use that has been made of the plea that

private property has thus been appropriated to public use, by grounding

statutory control on that plea, the fact s-hould be remembered that the

use is primarily for the public, and not for the stockholder. It is indis-

putable that no railroad of considerable length could have been

built, or can be built, without the exercise of this power on its

behalf by the State. If any company had capital enough (as no com-
pany ever will have), a road might be built without troubling commis-
sioners or courts with questions relating to right of way. The right of

way could all be purchased, if money for the purpose were unlimited.

But because private greed is as ravenous a lion as corporate rapacity is,

the State compels me to sell the right of way over my land for a rea-

sonable sum, and does it on the ground that I should not be permitted

to obstruct the public good by my obstinacy or avarice. In that case the

State exercises its right of eminent domain on behalf of the railway

company in exchange for the general benefit to the commonwealth, or

to the people, that will result from the building of the road. In the

words of Chief Justice Marshall: " The objects for which a corporation

is created are universally such as the government wishes to promote ;

they are deemed beneficial to the country and this benefit constitutes the

consideration, and in most cases the sole consideration of the grant.'

The grant here referred to is the charter or franchise. The exercise of

eminent domain is incidental to this, because no radway company could

build its road without this assistance from the State. The right to condemn
land, therefore, is an essential part of the grant, which grant is the

equitable consideration given by the State for the benefits to be derived

from the road when it shall be built and put in operation. The right to

regulate tolls really rests on another and different consideration, name-
ly, that the State has assisted to erect a monopoly, against which the

people have no adequate protection but its sovereign power.

A railway company usually does possess a monopoly of transportation
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after its own method, in its own field. As to non-competitive points, or

ail stations except terminal stations and junction points, the company is

securely in possession of a large volume of traffic that is distinctively its

own; not because the company's charter confers exclusive privileges,

but because the company renders to the public the best and cheapest

service, by this means alone superseding other modes of transportation,

and even destroying any motive to build a second line of railway close

to a first. Such competition as this would afford is usually prevented by
the obvious financial folly of such an undertaking on the part of the

second company, especially in a country like ours, in which few rail-

ways, even among those having favorable circumstances of situation and
breadth of field, are profitable ventures. Reference is now made to ex-

tended lines of road running through the open country, and not to such

exceptional cases as suburban or inter-urban lines, which partake of the

character of street railways.

In addition to this freedom of scope over a considerable area, or what
we- may call the natural monopoly of the line, the further important and
analogous fact is to be considered, that railroads lie at the very founda-

tion of society as it is now organized in this country. Notably in the

West the rule of development has been, railroads first, then farms,

towns, villages and cities. Here the whole social fabric rests on rail-

road transportation as the fundamental requisite of its existence. The
railroad and the settlement are inter-dependent, the one operating as a

function of the other, and this mutual relation stimulates the growth of

both. If all the railroads of the country were to be destroyed, after the

policy of the Chinese in regard to the only railroad they ever had, the

decay of the West would not only be inevitable but immediate. Agri-

culture would at once be destroyed by lack of markets, the ruin of towns
and oities would quickly follow, and a reflux of emigration towards the

East must of necessity take place. For without railroads, and all that they

have done for the development of the West, we should not now be admit-

ting four rich and powerful States to the union, but all the vast territory

west of the Mississippi would still be the home of the Indian and the

buffalo, with only here and there a small settlement of white men on
the banks of its navigable rivers. Railroads so unite distant centres of

population that cheap and rapid transportation promotes business activ-

ity beyond what mere density of population is observed to do. Rail-

roads are like nerves to the social system, ramifying everywhere and
carrying vitality to every centre of industry. The rush of the express

train is contagious to the people. Further, the movement of population

has largely been controlled by the building of lines of railway, since the

hard conditions of life in a new country are very greatly ameliorated by
their existence; so that, taking these several considerations into view,

railways are subservient not only to the welfare and happiness of the

people, but to the very existence of civilization in its present state; and
therefore, on rational grounds alone, railway companies should be made
subject to such control in the use of their franchises as may be neces-

sary for the protection of the general interest. And here, again, we
touch upon the common law, the foundation of all our most valued in-

stitutions, in which for more than two centuries past the principle ha&
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obtained that when private property is so used that a public interest

attaches to it, as in the case of a monopoly, or of a franchise that prac-

tically amounts to a monopoly, it is no longer strictly private property,

and the right of the legislature to exercise control over it by statute

cannot be questioned. On this broad ground, also, the Supreme Court

of the United States has sustained the validity of such legislation.

If there remains with any one a theoretical ground of objection to con-

trol, there is no practical ground for its advocate to stand on. The oppo-

site theory has become too thoroughly imbedded in the decisions of our

courts to admit of further controversy; and, the ground of discussion

having thus been cleared, the question is upon the extent to which this

control should go. The legislature of Minnesota has carried this prerog-

ative to the farthest point yet reached, having given to the railroad com-
missioners of the State unrestricted power to regulate rates. The Su-

preme Court of the State has decided, not only that the commissioners

have unlimited authority to say what rates made by the companies are

just and reasonable, but also that any rates made by the commissioners

themselves must be deemed to be just and reasonable; that no issue can

be raised, or judicial inquiry be had on that question; and has sustained

the action of the commissioners in attempting to enforce a rate that on

evidence subsequently adduced in a United States Court was conclusively

shown to be below the cost of doing the business. So far, then, as Min-

nesota laws go, as interpreted by Minnesota courts, there is no appeal

from the dictates of the commissioners.

To fix a rate that is less than the cost of doing the business has the same
effect on the stockholder as to destroy his property. To prevent the

property from producing an income, not only, but to burden it with a

debt besides, is practically to take the property itself; for the real value

of the property is in the productive use of it, and when this quality is taken

away there usually is nothing left that is worth having. So the Minne-

sota law, which has been administered with this effect in at least one

case, seems to conflict with the provision existing in both state and
national constitutions, that private property shall not be taken for

public use without just compensation.

Most of the state laws relating to railway rates provide that they shall

be just and reasonable. The railway companies, on the other hand,

claim that they want nothing different. The one desire or pretense of

honesty may be balanced against the other, but to determine in any
given case what rate is just and reasonable is one of the most compli-

cated of economic problems, and very often transcends all power of

analysis. There was a great deal of truth and justice in the rule so long

practiced by traffic managers, of charging such a rate as the commodity
will bear; that is, a rate under which the particular description of

commerce continues to thrive, while the railway company
is making a profit; and likewise many of the discriminations

that until the passage of recent laws were in practice, were
based on judicious estimates of the different circumstances

and conditions affecting growers, manufacturers, shippers, con-

sumers and carriers. Indeed, the development of the Western States,

which is the marvel of our national growth, has in the main been due
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to the just and reasonable rates of transportation that the railroad com-
panies, in the years of their liberty, and under the pressure of the

natural law of their development, were able or were compelled to dis-

pense to the public; and while they were doing this, they so wonder-

fully shortened timo and compressed space, that the cost of transporta-

tion became insignificant in comparison with these benefits. Edward
Atkinson states the fact, that a mechanic of Massachusetts, at the cost

of one day's wages, can have a year's supply of food for himself moved
from Chicago to Boston. Six years ago the writer had occasion to spend

some time in the Black Hills. This was long before the advent there of

the railroad. But he found that he could replenish his clothing, or

supply other personal needs in Deadwood, as cheaply as he had been

used to do in Chicago. Yet all these goods had been transported seven

hundred miles by railroad, and from the terminus of the railroad had

been hauled by oxen two hundred miles farther, and finally had been

placed at the altitude of three-quarters of a mile above the sea, without

appreciably enhancing their cost to the consumer. What, for instance,

would be the necessary addition to the selling price of a felt hat weigh-

ing four ounces, if it were carried by rail all the way from New York to

San Francisco? The person who will undertake to compute the freight

bill on his breakfast will become lost amid decimals too small to express

a finite sum of money, and will fiad that the individual burden of trans-

portation reduces to an absurdity.

The trite saying that a corporation has no soul, is applicable to muni-

-cipal corporations, and to the State itself, no less than to private corpo-

rations. While we are hearing much of public morality and the public

conscience, a Legislature will place in three men control over the value,

to hundreds of millions of dollars, of the property of private persons scat-

tered all over the United States, a considerable part of these persons being

widows and orphans, and will make this control unlimited by depriving

the agents directly charged with the administration of these vast prop-

erty interests of any right to appeal to the courts for protection even

against the flagrant injustice of this triumvirate. Tyranny is worse than

mere dishonesty, because it includes the smaller vice, and in any State

where such a law is retained on the statute book there is, on a mere state-

ment of the fact, a questionable state of public opinion as to right and
wrong.

Though legislative control should not be carried to such an exorbitant

stretch as this, some correctional supervision of rates by the State will

not be contended against, because the State should be the conservator of

of all interests, those of corporations as well as those of persons, and be-

cause the rate is the essential thing in the public estimation, the point

whereto the public interest attaches. How then shall this rate be es-

tablished, this just and reasonable rate that both law makers and rail-

way managers claim to favor ? The question is variously answered by
the practice in foreign countries and in our own States. In Belgium
and in Prussia state ownership of the lines insures that the government
shall make the rate, yet in those countries the people are not satisfied.

The government will not operate the roads at a loss any more than
private persons are disposed to do it, and, possessing a complete monoply,
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is observed to pay small heed to the desires of the public, either by ex-

tending facilities or improving the service. The State will not do any
unprofitable business, and in order to make a profit reduces the quality

of the service, so that inferior accommodations and slower time on the

German state lines cost the traveler about the same rates of fare as pre-

vail in England for much greater speed and comfort, and as prevail in

this country for greater speed and the best passenger accommodations in

the world. In the countries mentioned there now is a public demand for

competition by private line?, and so it appears that a satisfactory rate is

not to be obtained by entrusting the State with absolute power to make it.

In France government ownership resulted in financial failure, and
control is now chiefly through publicity of accounts, with gigantic pool-

ing in some places to regulate rates, and a definite field of territory for

each of several great departmental companies. By adopting the Inter-

State Commerce Act our people have decided against the pool as a reg-

ulator of rates, and so the French system seems to be as little adapted to

our present national temper as is the Belgian manner.

In England, where the railway problem has passed through precisely

the same stages as it has done in this country, the rate, as well as other

matters of joint interest to the public and the companies, is now con-

trolled by the Railway and Canal Commission, a court of record consist-

ing of five members, one of whom must be of experience in the railroad

business, another of experience in the law, and the three others judges of

a superior court. There is no appeal from this commission on a question

of fact, but otherwise an appeal does lie to a superior court of appeal,,

so that the avenues of justice are not closed to issues of law and equity..

Here is an extent of control, reaching to every real grievance, and a

form of it, including an appeal to the courts in cases

where rights and equities are concerned, that should commend
itself to the candid mind. Practically the same system has

been in operation in several of our own States, and for useful

results has proved the most fruitful of any. For unless railroad

commissioners are set up simply for the spoliation of foreign capital,

they are powerless to control rates. The best they can do (and it is a

sufficient work) is to prevent unjust discriminations, there being, by
general admission of persons that have given the subject careful

thought, many just discriminations that no public officer should have
power to prevent. The railroad commissioners of this country have had
no part whatever in the continual decline in rates that has marked the

development of railway traffic. Since 1865, the average freight rate on
the trunk lines, both east and west of Chicago, has fallen seventy-five

per cent., so that the present traffic is dene for one-fourth part or less of

the rate prevailing in that year. Railroad commissioners have been as

powerless to accelerate this decline, as railroad managers have been to

retard it. Both have been irresistibly carried along by the strong cur-

rent of human endeavor, have ridden on the fiercely seething compe-
tition in which the railway system of the United States has developed,,

not as controling it, but as corks ride the whirlpool of Niagara. It is

obvious, therefore, that an improper province of State control is the

making of rates and supplanting of the traffic manager. And this is-
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the more certain, if we consider that the making of a rate by the State,

that must be accepted by the company as being just and reasonable,

logically involves the duty of the State to protect that rate against un-

called-for or unreasonable competition, and drives us towards the French

system of securing a definite territory to each line of road, a system that

has not secured, to the densely populated country in which it is applied,

so good service as is enjoyed on the sparsely settled plaius of this coun-

try, under the freedom from restraints that has been allowed.

But if the State will insist on giving primary attention to the rate as a

rate, in what way will it determine that it is just and reasonable? It is

too much to expect that a careful balancing of the many considerations

that affect every rate can, in each instance, be undertaken. A decision

jnust be reached on some broad and general grounds, such as that the

traffic appears to bear the rate without apparent check to its volume or

to its development, on the one side; and on the other side, that the rail-

way company is by such rate enabled to prosper in comparative degree

with other business enterprises. And though there is not a strictly logi-

cal connection between the cost of a railroad and the rates that it should

charge, it may not be too much to ask that a railroad that has been built

at a reasonable cost may be permitted to earn a fair profit as compared

with the profit in other lines of business. In manufacturing, for in-

stance, the last census shows for the year 1880, that the difference be-

tween the value of finished products and the cost of the materials and
labor that went into them, was 36 per cent, on the capital invested in the

business. If 2 per cent, on the capital be allowed for taxes, 5 per cent,

for expenses of administration not covered by returns under the head of

wages, and 10 per cent, for renewals of plant, there still remains, as the

measure of profit, the amount of 19 per cent, on the capital. Is it, then,

too much to ask, that a railway company may be permitted to earn a

net income of per cent, on the capital invested in it ? He that will not

concede so much in the argument is a hard man. Let us see to what
conclusion the admission will lead.

In the early days of railroad building in the West the State threw no
hindrances in the way, but State, county and city alike fanned the flame of

enterprise. The result was that many roads were honestly built at heavy
cost, and many more were corruptly built at extravagant cost. A great

debt was created in either case. In instances of honest effort struggling

with difficulties, in which the new road was not needed, or was in ad-

vance of its time, or was not located on a natural line of domestic com-
merce, bonds had to be sold at enormous discount to pay for construc-

tion, and perhaps these bonds have now to be paid at par, after drawing
interest on their face value during many years. In cases of dishonest

manipulation, over issues of stocks and bonds were resorted to, produc-

ing a fatal load of debt. Owing to one or other, or both of these causes,

there i* among the older roads of the West scarcely one that has not

passed through bankruptcy. We have lines now, that after having

passed through the hands of a receiver, still show a cost of seventy thou-

sand dollars a mile, though they were built in the cheapest manner, and
at present are in poor physical condition. Nor has this evil been con-

fined to the West, nor are modern instances wanting. The West Shore
road is perhaps the most conspicuous example of this folly that we have
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ever had. Here was a road built at enormous cost to rival one of the

oldest and best roads in the c runtry, that lud been many years in reach-

ing its own standard of perfection. This West Shore road, on which
over a hundred millions had been spent, was bankrupt from the moment
of completion. It lost nearly eight million dollars in less than two years

of operation, and finally was absorbed at less than half its cost b}r the

road that it was designed either to compete with, or to filch a profit

from. Latterly, as a part ot the New York Central system, it has been

self-sustaining. There are many financial wrecks like the West Shore

to point the mural to speculators and teach that an inevitable doom of

ruin awaits those who build railroads where they are not needed.

Some of the Western roads mentioned as having passed through bank-
ruptcy in an early day, are now among the greatest railways in the

world in extent of line, in wealth, and in useful influence. This is

largely due to the economic advantage of consolidating many lines and
branches into one great system, but it is principally due to a more con-

servative, prudent, and, above all, honest administration. Under this

reform the financial operations incident to the building of new lines has

been revolutionized. For a long time past these extensions have been built

for cash out of the treasury and afterwards been bonded for a moderate
and reasonable sum, like $15,000 a mile. The old method was to sell

bonds at the outset, in order to raise funds for the construction, and to

give a share of stock with each bond as a gratuity to the purchaser.

Under the latter plan, extensions and branches are added to the main sys-

tem at strictly cash cost, without adding any fictitious element to the

funded debt, without putting any water in it. So general in the early

time was the evil of capitalizing roads above their cost, that Mr. Poor
estimates that the aggregate reported cost of all the roads in this country

is one-half more than their actual cost in money expended.

Now there runs through the reports of railroad commissioners a regret

that the actual cost of the roads can not be ascertained; and the declara-

tion is common with them, and with our judges, and with some other

oracles of opinion, that the public is quite willing that the companies

shall earn a fair profit on the actual value of their properties, such a

profit, presumably, as the reader has been asked to concede. Attention

is therefore specifically directed to the present worth of one of the rail-

v» ays herein alluded to, as having grown so enormously after its early

failure, and the reorganization incident to that failure, and under the

improved administration described, namely, the Chicago &Northwestern
Railway. An examination of the development of this great system

shows a continual decline in the cost per mile of road and equipment

during the last ten years, so that, while the mileage is four times what it

was ten years ago, the cost per mile is but two-thirds of what it was at'

that time. The heavy cost per mile of this line at an early period was
due to the expense of terminal facilities at Chicago; and though these

have been somewhat enlarged, their entire cost is now distributed over

a mileage so great as to reduce the average cost of that mileage to an
amount that cannot be discredited. It is to be noted in this connec-

tion, that the effect of adding to any sj^stem a very great mileage of

lines economically built, must be to correct by dilution any mistakes

made in eaily days, through which the cost of the property may have
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been unduly enhanced, and this corrective will probably grow more ef-

fective continually until the errors of the past disappear by attenuation.

Substantially the same fact, as to a decline in cost per mile, is true of the

Chicago, Milwaukee & Si. Paul Railway also; and while the cost of these

properties is thus declining, we know that the value of property in general,

especially thnt of lands, is increasing; that the wealth of the Western

States is rapidly growing, as shown by assessed and market valuation?-.

Railway property must partake of this increase in value, which is not

dependent on cost, but on the development of the country, in which de-

velopment the railway itself is the principal agent. We have then the

Chicago & Northwestern Railway, standing to-day at a cost of less than

forty thousand dollars a mile, and able to earn only six per cent, on this

cost. It obviously is true, therefore, as, a general statement, and having

regard to cost of property, and to a fair return on the investment, that

the rates charged by this company are on the whole just and reasonable.

But let us look a little further. The cost of the Northwestern road

has been distributed over forty years of growth. Much of it dates back

to the days of small things, when lands in particular were comparatively

very cheap. Take into account its great terminal facilities at Chicago,

the extent of its station property in several other large cities and in

many towns of importance, together with the present worth of its right

of way and station grounds in general, and it will be seen that this road

could not be replaced at the present time for anything like so small a

sum as the forty thousand dollars a mile that represents its cost. Mr.
Jeffery. President of the Illinois Central, recently stated that the new
line built by his company, between Chicago and Freeport, cost for con-

struction, without terminal facilities at either end, and without equip-

ment, thirty thousand dollars a mile ; and that to produce to-day the

terminal facilities in Chicago of the Illinois C?ntral Company would cost

from ten to fifteen millions of dollars. Besides these terminal facilities

that company owns over seventeen hundred miles of railroad, and its

capital stock is thirty-nine millions of dollars, or less than four times the

value of the terminal facilities alone. It is also stated that the value of

the New York Central terminal facilities in New York, on a fair esti-

mate of their present worth, is equal to the entire outstanding capital

stock of that company. The Chicago, Milwaukee & St. Paul Company
owns over eleven hundred acres of depot grounds in cities. Fifteen

years ago that company had an estimate made by engineers of the cost

of reproducing the property at that time, in its then existing condition,

and the result was something over thirty-seven thousand dollars a mile.

Previous to this, Mr. Mitchell, president of the company, had publicly

announced that the entire road had cost thirty-six thousand dollars a
mile, and could not be reproduced for a less sum.

It is, therefore, morally certain that the two great rival companies
mentioned, the Northwestern and the St; Paul, are not earning a fair re-

turn on their cost, much less on their present worth. And what shall be

said against their right to earn a fair return on their present worth at

any time, on a principle that is universally applied in private business?

Such is likely to be the rapid increase in value of these great properties,

that if the foregoing principle be admitted, the further concession is com-
pelled, that new and higher rates should, be made to yield a fair return
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whenever existing rates prove inadequate to do it. This is the logical

consequence of admitting the fair principle, that railroads honestly built

and honestly managed, are entitled to make an honest profit on an honest

investment, the same as is conceied to be the liberty of every individual

in his private affairs. It was previously said that there is not a necessary

connection between the cost of a road and the rate to be charged. The
road may be built where it is not needed, or at an extravagant cost, so

that a high rate will be inevitable if the traffic must yield a profit on the

cost. Even under these circumstances the service may be the cheapest

and the best. But in the case of the roads mentioned, that are fairly

worth all they have cost, and that lie at the foundation of an empire of

population and of wealth, a fair return on the investment will by every

honest mind be conceded to be due the stockholder. There was recently

introduced in the Minnesota legislature a proposition to reduce the per-

missible rate of interest from ten to eight. At once we saw meetings of

real estate boards and other business organizations to protest against the

'measure. At the same time there were also pending in the same body
measures to reduce passenger fares and otherwise to diminish the earn-

ings of railroad companies. At the same time, also, the St. Paul Com-
pany was finding it difficult to make a half yearly dividend of two per

cent, on its preferred capital stock.

Railway rates should not be made directly by statute, nor yet indirect-

ly, through commissioners, but should be left to the free competition

among the roads themselves that has worked out the present miracle of

cheap transportation. The work of the commission should be confined

to the correction of unjust discriminations. But because the charging

of exorbitant rates, in order to extort from the public a profit on a foolish

or a fraudulent enterprise, is worse than making unjust discriminations,

it being the practice of injustice without discrimination, and, therefore,

should fall under the police authority of the State; and because, more-

over, commissioners and courts so often have stated that a correct e?ti-

mate of the value of a railroad would materially assist in determining

the justness and reasonableness of its rates, it would appear to be an

improvement, and desirable, to have a commission that is qualified to

deal with this qesution. Let the commission be enlarged, if necessary,

and include two or three men of technical education, familiar with rail-

way construction and operation. Then let this commission make its own
estimate of the cost and the present worth of the roads. Such a com-

mission would find that the tendency of all the principal roads of the

country is to amass property of a value far in excess of their capitaliza-

tion; that for some roads this condition has already arrived; that it is

only the contingency of a short time when it will have ensued with many
more; and that if state regulation is not to proceed on an equitable basis,

such as will insure to the companies a fair return on the valuation that

the State itself may find to be true, and if the State is not willing to pro-

tect any rate it may make by preventing the building of unnecessary

competing lines, then the honest and prudent alternative is, to leave

railway building and rate making to private enterprise, under control

of the currents of trade and emigration; for we know that such liberty

of action has already given to this country the most extensive, the best

and the cheapest railway service in the world.
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BOSTON SOCIETY OF CIVIL ENGINEERS.

April 17, 1S89:—A regular meeting was held at the Society's Room, Boston

& Albany Railroad Station, Boston, at 19:80 o'clock. President FirzGerald in the

chair. Forty-seven Members and eleven visitors present.

The record of the annual meeting was read and approved.

Messrs. William C. Boyce, Edmund Grover, Francis E. Hosmer and Frank B.

Rowell were elected Members of the Society.

Mr. Waldo E. Buck, Lake Village, N. H., was proposed for membership by J.

R. Freeman and H. B. Wood.
On motion of Mr. Whitney, Mr. Thomas Aspinwall was appointed Auditor for

the ensuing year.

The President announced the members of the following committees, selected by
the Government in compliance with the vote of Society :

On Weights and Measures—Charles BE. Swan, Thomas W. Davis and Arthur
W. Huuking.

On the Library—F. W. Hodgdon, S. E. Tinkham, H. D. Woods, C. S. Parsons

and E. L. Brown.

The Secretarv read a memoir of George A. Parker, an Honorary Member, pre-

pared by the late Samuel M. Felton, also an Honorary Member.
Mr. Albert H. Howland read a memoir of Edward S. Philbrick.

Mr. Lawson B. Bid well read a paper describing the relocation of a portion of

the New York & New England Railroad made necessary by the construction of

the Sodom Reservoir of the New Croton Supply. He also gave an interesting

account of an embankment built through Whaley Pond.

Mr. Samuel M. Gray, City Engineer of Providence, read a paper giving a his-

tory of the various schemes proposed for railroad terminal facilities in Provi-

dence.

On motion of Mr. Howe, a vote of thanks was extended to Mr. Gray for his in-

teresting paper.

On motion of Mr. Smith, the Secretary was directed to keep a record book of

addresses of such members and others as may report to him that they are seekiug

employment, giving position desired, addresses of last employer and such other

information as may seem desirable.

[Adjourned.] S. E. Tinkham, Secretary.

ENGINEERS' CLUB OF ST. LOUIS.

April 3, 1889:—805th meeting.—The Club met in the rooms of the Elks' Club,
at 8:10 p. m. , President Meier in the chair, thirty-three Members and three visi-

tors present. The miDutes of the 304th meeting were read and approved. The
Executive Committee reported the doings of its sixty-seventh meeting.
The Secretary announced that Messrs. O. E. Hovey and H. Krutzsch had qual-

ified as Members.
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Mr. B. F. Crow then read a paper on " Street Car Running Gear."' A mode
was exhibited and explained in detail. Various forms of construction were
described, and the advantages and disadvantages of each explained. Dust was
the great enemy of good service. It was a mistake to expect machinery of this

kind to run too long without attention. The improvements made in recent years
were pointed out. Colonel Meier, Professor Johnson, J. A. Seddon, Mr. Robert
Moore, Professor Nipher, Mr. Hubbard and Mr. Taussig took part in the discus-

sion. The advantages of a perfectly clean track were shown, and explanations

were given of various devices to accomplish this result. As yet no device had
proven sufficiently successful to be generally adopted. Much more power was
required to drive a car when the track was dirty.

The advantages and disadvantages of anti-friction rollers were pointed out.

Colonel Meier promised the Club a description soon of a new " tractor," in which

the whole power delivered to the car was available for traction.

Mr. W. H. Bryan then read a paper entitled "Steam Plants for Electrical Serv-

ice." The distinctive features of modern practice were explained, and the differ-

ent factors entering into the problem discused. Cornp?risons were made between
plauts arranged with a few large engines, driving counter shafting, from which
the dynamos were belted, and the same plant arranged with direct connected en.

gines. In the author's opinion the most important factor in the problem was the

amount and hours of loading. The integral parts of a steam plant were discussed

from the standpoint of their efficiency in an electrical station. Colonel Meier,

Mr. VV. Bartlett, Mr. Wheeler, Professor Woods, Professor Gale and Mr. Russell

took a part in the discussion. Colonel Meier showed that petroleum fuel was not

smokeless unless properly handled. Professor Gale stated that in his opinion a

large part of the friction in plants using shafting was due to the friction clutches.

If the dynamos were located immediately above the shafts, or not far from there,

the dynamos could be thrown out of service without the use of clutches. He also

stated that the friction could be reduced by covering the pulleys with paper or

leather. This would increase the efficiency of belt contact, and thus enable the

belts to be run at less strain, reducing tne friction in the journals.

After some informal discussion of meeting places the Club adjourned.

Wm. H. Bryan, Secretary.

April 17, 1889 :—306th Meeting—The Club met at 8 :20 p. M. , at the Elks' Club,

twenty-one Members and two visitors present. Both the President and Vice-Presi-

dent being absent, the meeting was called to order by the Secretary, and Mr.

Holman was chosen Chairman pro tern. The minutes of the 305th meeting were

read and approved. The following applications for membership were announced:

Clarence H. Howard, Mechanical Draughtsman, Missouri Pacific Railway, in-

dorsed by L. Bartlett and W. H. Bryan ; Pope Yeatman, of the Doe Run Lead

Company, indorsed by S. B. Russell and Thomas B. McMath. The Secretary

announced that A. L. Johnson had qualified as a Member.

The receipt of several valuable publications for the library were acknowledged.

The Chairman announced the death of.Col. Henry C. Moore, one of the oldest Mem-
bers, and a former President of the Club. He also announced that President

Meier bad volunteered to prepare a memoir, which he expected to be able to pre-

sent at the next regular meeting.

Prof. Charles C. Brown's paper on "The Sanitary Condition of the Water Sup-

ply of New York City," was then read by Professor Wheeler. Professor Brown,

being engineer for the New York State Board of Health, had devoted consider-

able time and study to the subject. The paper presented a vast amount of data,

extending over a series of years, beginning with 1872, showing the results of

chemical examinations of Croton water. He also gave a statement of the flow of

the Croton River for each year, beginning with 1870, together with the rain fall
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over the water shed, and the flow of river in percentage of rain" fall. He dis-

cussed the water under ttie following heads: Total solids, hardness, albumenoid

ammonia, chlorine and combined nitrogen. His conclusion was that the case for

or against the Croton water, as shown by chemical analysis, had not been proven.

He gave the results of a personal examination of the water shed, together with

suggestions for treatment of several cases of pollution. He also submitted a copy

of the series of rules adopted for the sanitary protect ion of the Croton River and

its tributaries. Messrs. Holman, Bryan, Wheeler, Thacher, Ferguson and Bouton

took part in the discussion. Mr. Wheeler stated that there was usually consid-

erable newspaper talk every fall about impurities of the water, but repeated and

careful chemical analyses had shown it to be harmless. Mr. Bouton thought that

the marginal zones along the streams were hardly sufficiently wide.

The Secretary then read a paper by Mr. A J. Frith, describing a system of

marking patterns. The question was treated in detail, and the desirable points

explained. A sample record sheet was submitted. Mr. Frith also submitted a

brief discussion of economy of manufacture as viewed in the pattern. This ques-

tion he discussed under the following beads : Economy in the pattern itself ; the

number acd nature of the castings ; the subsequent handling of the castings ;

the object being the minimum cost of the finished product. In the discussion, Mr.

Crow spoke of the difficulty of marking small patterns, and also explained the

system in use at the Brownell-Wight car shops. Each pattern bore the number
of the shop order, and also all patterns used on each order were numbered consec-

utively.

[Adjourned.] William H. Bryan, Secretary.

WESTERN SOCIETY OF ENGINEERS.

AprilS, 1S89: -The 275th meeting was held at Weber's Restaurant, No. 66
Washington street, at 5 p. ai. President E. L. Corthell in the chair. There were

about 30 Members present.

The minutes of the last meeting were read and approved.

Resignations were received from Mr. OttoLuhring, Berlin; Mr. A. W. Sullivan,

Chicago; Mr. Geo. F. Kirby, Marshalltown,. la.; and Prof. J . A. L. Waddell,

Kansas Citv.

Applications for membership were placed on file from Mr. James D. McKee,
Gross Park, Cook County, 111. ; Mr. Otto Engle, Chicago, and Mr. Benj. Hyde
Chicago.

Upon ballot, Mr. John Sylvester Glenn, Chicago, was elected a Member of the

Society.

Some communications were read by the Secretary, among them one from a
Member who had unavoidably been compelled to withdraw from the Society for a
time, asking what course to pursue to be reinstated. Attention was called to the

By-laws which in such a case permitted reinstatement upon payment of current

year's dues. A ccmmunication was also read from the St. Paul Society on transfer

of membership between the various Societies. Mr. Strobel moved that the matter
be laid over until a future meeting. Carried.

Mr. Gottlieb, as one of the Committee to secure permanent quarters, made a
brief statement to the effect that after a proper search the Committee had found
and secured rooms, which, in their opinion, were highly desirable, and that they
were in a position to say that arrangements would be effected to keep the rooms
open during business hours with an attendant constantly on hand. He hoped all the

Members, resident and non-resident, would make a special effort to use their head
quarters at every opportunity.
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Mr. John Lundie, Chairman of tbe Committee on Permanent Quarters, having'

arrived, he read the report, which was duly received:

To the Members of the Western Society of Engineers:
'lhe undersigned, appointed at the last meeting to secure quarters for the Society,

respectfully submit the following report:
After a thorough examination of a large number of available rooms which might

have been suitable for Society purposes, your Committee secured quarters from Mr.
Blair, of the Merchants' Rank, at No. 78 La Salle street, under a three years' lease at
$15 per month. An additional cost of about §10 per month will be involved for jam-
tor service.
The Committee suggests that said quarters be the nominal office of the Secretary.

All communications pertaining to Society matters to be addressed to and sent out
from the above address.
Appended is a sketch of the rooms, which will be remodelled slightly to suit the

convenience of the Society. Respectfully submitted,
John Lundie.
Chas. FitzSimons.
A. Gottlieb.

There being considerable business remaining to be transacted, Mr. Hen* moved
to proceed to lunch before further business. The motion was seconded and car-

ried .

At the conclusion of lunch the President called for discussion on the Report of

the Committee on Permanent Quarters.

Mr. Lundie stated that the rooms would be rea^y by April 25.

In reply to a question, the President announced that the Committee would con-

sider themselves still in office to assist in moving, arranging and advising.

The President called for Report of Committee, created by Mr. Lundie's motion

of March 6, to examine into condition of Society with relation to increase of

dues, etc.

Mr. Lundie, Chairman of Committee, before reading the following report, said

that the report he had already presented might be regarded as a preface to the one

now in hand:
REPORT.

To the Members of the Western Society of Engineers :

The undersigned, appointed at the last meeting to report on the whole financial
condition of the Society, respectfully submit the following report

:

From the Treasurer's report for the year 1888, it appears that the expenses for that
year were $1,302.92, and, unless some radical change be made, it is fair to assume that
the expenses for the present year, exclusive of additional expense for quarters, will be
about the same, say $1,300, provided no retrenchment is made in current expenditure.
The Society, however, has already decided to occupy more comfortable quarters

which will involve an additional expense of $500, when annual expenses, exclusive
of any outlay for fitting up new rooms, will be about $1,800.

The revenue for 1888 was $1,420.74, and we assume that our present revenue is about
the same, say $1,400.

In order to meet the difference between $1,800 expenses and $1,400 income, either the
latter must be increased, or the former decreased that amount.
This may be accomplished in four ways, viz.

:

1st. By voluntary subscription toward deficit.

2d. By increase of the present average of dues.
3d. By obtaining an increased membership.
4th. By decrease in certain expenses.
If additional revenue cannot be secured there must be a decrease in expenses, and

bearing on this subject the Committee begs to direct the attention of the Society to
the items of expense involved in the publication of proceedings and of the Journal.
The combined cost of proceedings and Journal last year aggregated $f>26.55. The
Committee is of opinion that the proceedings and the papers of the Society could be
printed monthly at an expense of about $300 per year.
This would save about $325 annually, leaving a deficit of only $75. An addition of

ten new members would cover this amount.
This is the only item apparently where any saving could be made.
To obtain a sufficient increase of income by one of the plans alluded to would re-

quire, under the first a pledge from probably forty members of from five to twenty
dollars each, under the second an average increase of about one-third of the present
rate of annual dues, and under the third an immediate accession of eighty members.
It is possible that the first and third might be combined.

Respectfully submitted,
John Lundie,
C. L. Strobel,
L. P. Morehouse.
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Messrs. Strobel and Morehouse explained the report as not recommending any
action, but simply pointing out directions in which reduction of expenses might

be effected.

Mr. Williams moved that report of Committee be accepted, which was re-

ceived.

The Secretary stated that the motion was pending for the amendment to the

By-laws in relation to increasing the annual dues of resident members to $10.

Mr. Williams explained the advantages present and prospective of the Associa-

tion of Engineering Societies, and the work it was proposed to undertake, and

suggested that giving up the Journal, meant withdrawing from the Association.

He also stated that the cost of the Society's publications had never amounted to

less than what was now paid for the Journal, and that by a little effort of the

present members, in view of the new quarters, accessibility of library and general

advantages now offered, a large accretion to the membership could be assured

which, with the proposed small increase in resident dues, would amply cover ex-

penses.

Messrs. Alvord and Nagle coincided with Mr. Williains.

Messrs. LiJjencrantz and Rossiter suggested inviting the architects

to use the Society's rooms and thus share the expense, but Mr.
Gottlieb, the Secretary, and Mr. Morehouse believed the suggestion would be over

burdened with inconvenience and undesirable.

The President called the meeting to the question.

Mr. Lundie drew attention to the cost of the Journal, and did not see that de-

clining to subscribe for the Journal carried with it the withdrawal from the Asso-

ciation, but Mr. Yfilliams pointed out that it was practically doing so, as the

Association was formed for the purpose of a joint publication.

The President spoke in favor of the Journal as a valuable periodical.

The question of raising the annual dues of resident members to ten dollars was
put and carried.

The President called attention to a matter that remained to be considered: that

of providing professional entertainment at its regular meetings.

Mr. Gottlieb deprecated the condition of affairs which left so much routine

work to the regular meetings and suggested that the Society organization should

comori.se a Board of Directors who should be empowered to transact all the rou-

tine work and leave the meeting to consider engineering questions and important

business. He also suggested a method of work.

Mr. Morehouse cordially indorsed Mr. Gottlieb's view and advised the formation

of a Board and that the Society should give it their confidence in the transaction

of purely business matters.

Mr. Williams concurred and moved that a committee of three be appointed to

propose such amendments to Constitution and By-laws as would effect the objects

suggested; a slight amendment to increase powers of Committee was proposed by
the Secretary and accepted.

MoveI that a committee of three be appointed to propose such amendments to

Constitution and By-laws as will simplify the methods of transacting the business

of the Society. Seconded and carried.

The President appointed the following: Messrs. Morehouse, Gottlieb, Williams
and the Secretary ex-officio

.

The President moved that the following be sent to Mr. D. C. Cregier:

Whereas, Mr. D. C. Cregier, an honored member and past President of the Society,
has been elected Mayor of this city, therefore be it Resolved, That we extend our
congratulations to Mr. Cregier, and that our Secretary be instructed to convey the
same to him. i

This motion was carried unanimously.

It was moved and carried that the next supper be held the first Tuesday in

June
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After some further talk on moving quarters and purchase of necessary supplies,

etc., the very interesting meeting adjourned to meet in the permanent quarters

the first Tuesday in May. John W. Weston, Secretary.

CIVIL ENGINEERS' CLUB OF CLEVELAND.

April 9, 1S89:—In the absence of tbe President and Vice-President, Mr. W.
H. Searles was called to the chair. Sixteen Members were present when the Club

was called to order, as follows: Messrs. John Whitelaw, W. H. Searles, James
Ritchie, August Mordecai, C. G. Force, N. P. Bowler, C. H. Strong, Ambrose
Swasey, E. W. Morley, S. J. Baker, Cady Staley, C. P. Lelnnd, J. L. Gobeille, J.

L. Culley, A. H. Porter and Mr. N. B. Wood arrived during the evening.

The minutes of the last meeting were read by the Secretary and approved. The
Secretary read the report of meeting of the Executive Board.

The chairman then read the names of five applicants for membership, as follows:

A. P. Ruegles, F. P. Gribbon, J. E. Pettee, J. B. Yates, Paul Bickel. These ap-

plications have all been passed upon by the Executive Board. The ap-

plicants are now candidates for membership and the names will be acted upon at

the next meeting. Each gentleman gives a full account of his experience. All are

employed by the C. & M. V. Railway, and are recommended by H. C. Thompson
and James Ritchie.

Mr. C. P. Force read the report of the Programme Committee for the year

1889-90. On motion of Mr. Gobeille the report was accepted.

Mr. Searles: There is a movement on foot to amend slightly the constitution of

the associated societies. My vote on the Board of Membership is required, and I

would like to be governed by the sense of this meeting. The Secretary read a let-

ter from Mr. Benezette Williams to Mr. Searles on this subject, also a report of a

meeting of the Engineers Club of St. Louis.

Mr. Searles: The question is on the amendment of the constitution of the Asso-

ciation of Engineering Societies; at present the Board of Managers simply has

duties connected with the Journal; it is proposed to add to these duties corre-

spondence of any kind that may arise.

Mr. Leland: I move that tbe matter be referred to Mr. Searles with power to

act. Seconded by Mr. Gobeille.

Mr. Searles: Is the Club disposed to go into correspondence with the various

clubs with which we are already connected through the Journal? If so, this

amendment will empower the chairman of the Board to conduct such correspond-

ence and report resolutions. Each club is and will be independent, but, at pres-

ent, we have no precise methods of correspondence. The idea is that we may
through the association carry on a correspondence: if the club does not wish to

enter into an arrangement of this kind I would better vote " no" on it.

An amendment was offered and seconded that the matter be referred to the Ex-
ecutive Board. Mr. Leland withdrew the original motion. The motion that the

matter be referred to the Executive Board was carried.

Mr. Leland read the report of the Committee on Banquet. On motion of Mr.
J. L. Culley the report was received.

Mr. Bowler moved that the deficiency paid by the Committee be paid by the

treasury of the Club—motion seconded. Messrs. Leland and Whitelaw objected

and Mr. Bowler withdrew his motion.

The Club then listened to the address of Prof. Cady Staley on Some Experi-

ments with Flushing Tanks.

In compiling details for a system of sewerage I found that each inventor

claimed to have the best tank in existence. In order to test the matter I put an
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advertisement in several engineering papers that I would receive and report

upon tanks. I will give you the records of my experiments upon a few of the

leading tanks.

You may say that that the necessity for certainty of action is self-evident, yet I

found that the majority of the tanks would not work at all.

The next essential is rapidity of discharge; add to that simplicity, durability

and economy of construction.

I examined various tilting tanks, valve tanks, where the discharge is brought

about by opening a valve, and siphon tanks. (Makes diagram of a cross-section

of a siphon tank and describes it.)

All of these tanks will work with a large amount of water thrown in. In the

flush tank the conditions are that the water runs in slowly with just a slight

stream. Very few people will wait while that trickling stream starts the siphon_

"What is needed in a flush tank is a stream that will only fill the siphon once in 24

hours, the question is to stop it. (Makes and explains a diagram.) That particu-

lar siphon is sold for flush tanks all over the country. That siphon was sent

where we were making our tests. To prepare for the tests we had a large tank

holding eight gallons. We tried in vain to make it work, and I finally sent for

the manufacturer to send us some one who could work it. I had two engineers

and two men at work for three days, and that apparatus would not go. The pro-

prietor tried it for a day, and said, "It must work. I have sold ten since I start-

ed from New York."' It is not possible to make it work with a small stream.

We got a sort of fever in carrying on these experiments, and many people began

to design tanks. A brother of George Westinghouse made a siphon tank. It was
ingenious, but too complicated; a flush tank should be so contrived that it may be

set to work and never looked at again.

Prof. J. S. Langdon invented a flush tank which works beautifully, but it

necessitates a very delicate joint, so while it worked well when a very nice me-
chanic put it up, it was of no use for ordinary purposes. (Makes diagram of Pro-

fessor Langdon's tank.)

The Fields tank is one of the best. (Makes diagram of the Fields tank.)

In the course of my investigations, I found on many sewers a growth of fungus;

a considerable part of the organic matter was received from the house sewage, so

you caa see what a manufactory it is for sewer gas. Flush tanks, in connection

with houses, would flush the sewer out and ventilate it.

The Field tank is one of the good tanks, and yet, in the last number of Engineer-
ing Neics, a correspondent from Memphis says it does not work satisfactorily

there. It works nicely if it is properly started and the water is clear, but if the

water is filled with sediment it will absolutely refuse to work. (Makes diagram
of the Rosewater tank and describes it

)

There is only one difficulty with the Rosewater tank: there is a small jet of
' water, and if there is much sediment it will stop right in the cock. If you have
clean water this tank will work nicely.

I suppose there were twenty-five men experimenting on this in Schenectady;

among ethers was Professor Chaplin, Professor of Civil Engineering at Harvard
College. I met him one day and he said: " I am on top now; I have this siphon

tank."' The next time 1 met him he was not so elated, he said: " The siphon is on

top, but there are more things in siphons than are dreamed of in your philosophy."

The siphon is still on top.

The Van Vranken flush tank is made in this way. (Makes and describes

diagram.)

Van Vranken tanks have been running satisfactorily for three years.

Of the valve tanks the best is Pierson's. (Makes and describes diagram of the

Pierson tank.) This tank works well, except where there is sediment in the

water.
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There are other ways of flushing sewers. One used sometimes on the continent

is a large tank on wheels which is drawn up to the end of the sewer and the water

discharged. Sometimes a pipe is connected from the water-works, and there are

other methods, but the flush tank has the advautage of.being automatic ; it takes

care of itself.

Mr. Whitelaw : I think the plau of flushing from barrels is used in Chicago a

great deal.

Mr. Mordecai : Is it not very expensive ?

Mr. Force: It is used only where really necessary.

Mr. Whitelaw: I understand that the portable tank system is used in Chicago

because the sewers are so shallow that stationary tanks cannot be placed so as to

act satisfactorily.

Professor Staley : I think flush tanks should be placed in every house. The
vilest part of every system of sewerage is the sewer leading from the house. Now
small flush tanks in the houses will insure a clean sewer.

Mr. Force: The sewers in Chicago have a very slight grade. One reason why
they prefer the portable tank system for cleaning sewers is that they only flush

those that require it. I suppose most of the members here know that it is not a

practice to flush sewers in Cleveland. We have so much grade that the street

sewers are rarely flushedr they are self cleaning. We have in some places a very

black mud. or clay, that oozes through the jomts of the brick and makes it difficult

to keep the sewers clean. A few small sewers are regularly flushed by using the

hydrant and hose.

A Voice : What is the largest tank in use ?

Professor Staley : The largest I know is the Vibbert tank in Kalamazoo—it is

a 7,000-gallon one.

A Voice : Is it necessary to flush the large sewers if you flush the pipes in the

house ?

Professor Staley : If you flush all the small pipes you get a combined flow

sufficient to flush the large ones.

Mr. Mordecai : How long would it take '!

Professor Staley : You can empty a 200-gallon tank in about half a minute.

Mr. Culley : Where are these tanks located ?

Professor Staley : Under the grade of the street.

Mr. Baker : Are they filled by the surface water ?

Professor Staley : No, from the water-works.

Mr. Baker : How often should they be emptied ?

Professor Staley : Every 24 hours—200 gallons in 24 hours. You can stop it

off entirely if you wish.

Mr. Porter: Is not this flushing in use in those cities where the roof water is not

allowed to flow into the sewers? I believe that is the case in Memphis.

Professor Staley: It is the case there.

Mr. Porter: The surface water, that from the roofs, etc., furnishes a pretty fair

flush here.

Mr. Searles: There are strong advocates for tfce separate as well as for the com-
bined sewerage system. From what the professor has said this evening it would
seem desirable that the street water should enter the sewer. It has been objected

that the stream of water going in would require so much larger sewer.

Mr. Whitelaw: I think some of the sewers in Cleveland have been worn by the

action of sand or grit.

Mr. Bowler: There are sewers in the city where there is no paving on the

streets, and they get the washing of the soil.

Mr. Force : I think most of our sewers are paved with Medina stone. I have
taken up sewers where the bricks were much worn. The length of time it takes to

w ear out a sewer varies with the grade, etc.
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Mr. Whitelaw : The accident on the sewer in Pearl street running into Wal-
worth Run was owing to the wearing out of the bottom of the sewer.

Mr. Mordecai : According to the records, how long can cast iron water pipe re-

main under ground in a condition to convey water ?

Mr. Whitelaw : I do not think that the life of cast iron water pipe has been de-

termined yet. At the Centennial Exposition I saw water pipe that had been in use

69 years. The supposition is that if rust has penetrated a certain depth it forms

a protection to what remains, and after that the pipe is practically indestructible.

Mr. Force : I once heard some water-works engineers give their experience in

that line. One point was that the pipe lasts different lengths of time in different

soils. Some soils corrode the pipe very rapidly.

Mr. Whitelaw: That is true of any soil containing acid. The worst soil I know
here is where there has been cinder filling. I know one line of pipe that is honey-

combed. We have found spots where the iron was like plumbago.
Mr. Porter : I understand Professor Staley that he recommends a flush tank in

every house for the purpose of cleaning the sewer and purifying the air in the

house drain ; what size should the tank be ?

Professor Staley: From 20 to 30 gallons.

A Voice: What system is in use in Memphis ?

Professor Staley: It is a special system—Colonel Waring's.

Mr. Bowler : In regard to the house system of flushing, I think it is practical

and very important. Would not a very large supply of water be required to flush

all the house sewers ?

Professor Staley: I think Mr. Whitelaw will bear me out in the assertion that

the water that is wasted would flush all the sewers in Cleveland.

Mr. Whitelaw : One-twentieth of the water wasted in Cleveland would flush

every sewer.

Mr. Porter: The outlet should not be less than 4 inches in diameter.

Professor Staley: I would not put the flush tank on the watei -closet, you
understand, I would put it on the large soil pipe.

Mr. Mordecai: I would like to ask Mr. Whitelaw whether he thinks it necessary

to take into consideration the deterioration of iron pipe in ordinary soil.

Mr. Whitelaw: For small culverts I would say use cast iron pipe; it is used now
very extensively for railroad culverts. In general I would not consider it neces-

sary to take the nature of the soil into consideration.

Professor Staley : On the Hudson River, where some boilers went to pieces

rapidly, it was found that there was sulphur in the water.

Mr. Mordecai: The culverts to which I have reference are in the neighbor-

hood of a coal bank.

Mr. Whitelaw: That would be objectionable.

Professor Morley: Some soils contain acid that would be rapidly fatal, but they

are rare. There are places where acres and acres bear scanty vegetation; and our

geological survey established the fact that the soil was acid. A rapid corrosion of

iron pipe is to be attributed usually to local conditions. Water containing sul-

phuretted hydrogen would corrode pipe rapidly. The sulphuric acid of soils con-

taining iron pyrites would also produce rapid corrosion. Water that comes
through a mine is also sometimes fatal to iron pipe. It would be well to have

some of the water filtered, put in a small vial and allowed to evaporate to a tenth

or twentieth, then have some very delicate litmus paper placed in it; if the paper

is in the slightest degree reddened you can detect the presence of acid. Sometimes
the debris of manufactories causes corrosion of a pipe.

Mr. Whitelaw : A friend of mine in the city has a large condensing engine in

his manufactory drawing water from the river. He had a new pipe to supply his

condenser. It was not in use more than two years when it leaked; it was renewed
and soon leaked again. My advice was asked, and I found that the pipe was-
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located under the epal bin. I suggested that the pipe was corroded by acid from

the coal, and as the coal could not be moved, I suggested the substitution of cast

for wrought iron ; it could be renewed, and would probably last longer. That

was twelve years ago, and the cast-iron pipe is still in use. Acid acts more slowly

on cast than on wrought iron.

Before adjournment, it was announced that the President was in California, but

would return in the course of a week.

The members expressed a hope that Professor Staley would propare a paper on

the separate and combined systems of sewerage.

[Adjourned.'] James Ritchie, Secretary.

CIVIL ENGINEERS' SOCIETY OF ST. PAUL.

April 1, 1889:—The regular meeting was held in the Hotel Ryan, President

Loweth in the chair. Twelve Members present.

The minutes of the last meeting having been read and approved, the applica-

tion of Mr. Karl Lehman for Membership was voted upon and he was elected.

Upon motion of Mr. Curtis a Committee to report upon the advisability of a

Standing Committee upon Membership was appointed by the chair, consist in% of

Messrs. Morris, Curtis and Daveuport.

Upon motion of Mr. Estabrook, it was resolved to donate complete bound copies

of the Journal of the Association to the Minnesota Historical Society.

The paper of the evening was a carefully prepared article by Mr. E. E. Wood-
man upon " The Legislative Control of Railways."

After a short discussion of some points in the paper by Messrs. Horton, Curtis,

Mason and Loweth, and extending to Mr. Woodman the thanks of the Society for

his valuable monograph, the meeting adjourned.

Geo. L. Wilson, Secretary.

ENGINEERS' CLUB OF KANSAS CITY,

April 1, 1889:—A regular meeting was held in the Club Room, 200 Baird

Building. President O. B. Gunn in the chair.

There were present sixteen Members and four visitors.

Minutes of the last regular meeting and that of the Executive Committee were

read and approved.

On canvass of ballots R. L. McAlpine was declared elected as Associate

Member.
Letters from the local societies of Montana, St. Paul and Minneapolis with ref-

erence to Transfer of Members were read. In general action was deemed desir-

able, but the prevailing opinion was that the matter should be referred to the

Board of Managers of the Association.

A letter from Mr. Sonne, offering to resign from the Committee on Transfer of

Members on account of absence from the city, was read, but the sense of the

meeting was that he should remain on said Committee.

The paper of the previous meeting was discussed by Messrs. Goldmark and
Breithaupt. The latter stated the approximate cost of the bridge repairs de-

scribed as one cent per pound.

A paper was read by Mr. Kenneth Allen on " Pollution, with Special Reference

to Water Supply and Sewerage." Organic impurities were especially referred to;

their detection by chemical and biological analysis; the character and action of

bacteria briefly described ; and the allowable limits of impurities mentioned.

After discussion by Messrs. Breithaupt, DeCourcy and Elliott, the President

introduced Dr. F. B. Tiffany as a pupil of Dr. Koch, of Berlin. Dr. Tiffany
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exhibited specimens of Anthrax Bacilli, infusoria from hay infusion, water from

O. K Creek sewer, and other specimens under microscopes magnifying 400 and

800 diameters.

Dr. Tiffany was tendered a vote of thanks.

Mr. Robert A. Crawford was proposed as Associate Member by F. W. Tuttle

and H. H. Filley.

[Adjourned] Kenneth Allen, Secretary.

MONTANA SOCIETY OF CIVIL ENGINEERS.

March 16. 1889:—The regular monthly meeting was held at the office of Mr. E.

H. Beckler, at 8 p.m.; President B. H. Greene in the chair. There were present

Messrs. Foss, Wheeler, Sizer, Haire, Ross, Danse, Ellison, Walker, Keerl, and
Mr. O . C. Dallas as visitor.

Mr. Foss, Chairman of the Committee on Highway Bridges, read the Commit-
tee's report upon the communication of J anuary 18, 1889, from the Engineers'

Club of Kansas City, inclosing the bill prepared and presented to the Legislature

of Missouri embodying provisions for securing reform in the planning and con-

struction of highway bridges. The " Substitute" for said bill, recently received,

was read.

The Committee's report is as follows

:

"We have examined the proposed act, and consider it a good law, but think that

Montana is too new a country to pass such a law at the present time. We would,

therefore, recommend that the Secretary be instructed to write to the Kansas
City Club and state that while the Society is in full sympathy with them in their

movement to secure the needed reform, they are doubtful of the expediency of

attempting to secure any legislation on the subject at the present time in this

Territory, that their bill will be kept for future reference, and to ask them to in-

form us with what success it meets in their State if it becomes a law."

The report was approved and its recommendations ordered to be carried out.

In the absence of the Committee to whom had been referred the communica-
tion from the Engineers' Club of Kansas City relative to entering an alliance of.

engineering societies for the transfer of Members, the Secretary stated the sub-

stance of the communication and reported having received since the last meeting

a communication upon this subject from the Civil Engineers' Society of St. Paul,

inclosing a copy of their Committee's report. The question was discussed and

resulted in the Secretary being instructed to express to the Engineers' Club of

Kansas City the hearty co-operation which this Society feels disposed to accord to

the movement, and to state that the details of the scheme would be left to the

determination of the Board of Managers of the Association of Engineering Socie-

ties.

Mr. Ellison, of the Committee on Library and Permanent Quarters, submitted

and read the Committee's report, which recommended the purchase of a book-case

and an appropriation of §60 to be applied to the purchase of books, to be deter-

mined by a committee of four composed of members representing civil, mining
and mechanical engineering and architecture respectively.

The recommendations of the report were discussed and action deferred until

the next meeting to enable the full committee to report.

Mr. Foss, Chairman of the Committee that presented to the Legislature the

Bill "relating to town and village sites and plats," being C. B. No. 36, also the

Bill " relating to the location and recording of mining claims," being H. B. No.

34, reported the former as having been signed by the Governor, and the failure of

the latter in the Council by a tie vote. The Committee was instructed to secure a

•copy of H. B. No. 34 as it passed the House, and to file it with the Secretary.
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The Secretary submitted the bids received for printing 100 copies of a list of

Members, and was instructed to have the work done by the lowest local bidder.

President Greene offered to contribute to the Society's library his Transactions

of the American Society of Civil Engineers, Mr. L. O. Danse contributed the

Proceedings of the Engineers'1 Society of Western Pennsylvania, Mr. F. A. Ross

contributed the Engineering and Alining Journal, also the Electrician and the

Western Electrician. The contributions were received, and a vote of thanks

tendered the contributors.

The Secretary submitted a circular describing " An Index to Engineering

Periodicals," published by Francis E. Galloupe, M.E. , and recommended its pur-

chase for the library. The advisability of securing said Index was referred to the

Committee on Library.

The Secretary reported that Mr. A. B. Knight, of Butte, had written the Com-
mittee on Topics that he would endeavor to present his paper upon the " Law of

the Apex ,: at the meeting to be held April 20, next.

[Adjourned.'} J. S. Keerl, Secretary..
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CABLE CONDUIT YOKES : THEIR STRENGTH AND DESIGN.

By J. B. Johnson, Member Engineers' Club of St. Louis.

[Read February 6, 1S89.]

The object of a cable conduit yoke is to hold the bearing and slot rails

of a cable road in position, and to resist the action of ad external forces

tending to close the slot opening. They are usually set in concrete,

which extends along tbe sides of the conduit, from yoke to yoke, thus

forming a continuous tunnel for the cable. That this opening may be

large enough to carry the sheaves, to allow a man to crawl through and
to prevent clogging from debris, it is customary to make it about 18

inches wide at the middle and some 36 inches deep below the slot rails.

Since the slot opening should never be over f inch wide, and to pass

the grip bar must be at least | inch wide, a variation of over £ inch in

the width of this opening is objectionable. It is not uncommon in St.

Louis to find the opening as much as 1J inches, and recently a suit for

damages resulted from an opening of 1| inches, thus letting a carriage

wheel into it, breaking the carriage and injuring the occupant.

It is also not very uncommon to hear of yokes breaking, especially in

the Northern cities.

It is necessary, therefore, that the yoke should be both strong and
rigid, the latter quality being far the more important.

I have tested over twenty-five yokes of different patterns at the Wash-
ington University Testing Laboratory, the results of which are so

instructive that I take this opportunity of putting them on record.

In all the yokes shown on the accompanying plate, the spaces marked
o are openings. They are all of cast iron, cast in one piece, while yoke
No. 4 is cast with a solid web.

Yoke No. 1 (Fig. 1) is a pattern much used in Kansas City, and to some
extent in St. Louis. Its weight is 320 pounds, strength 6,000 pounds, and
the slot closes about half an inch at 5,000 pounds. It breaks, as shown
in Fig. 1, either at P P or at L L. It is both very weak and very flexible.

Yoke No. 2 (Fig. 2) is used on the Olive street line in St. Louis. Its

weight is about 420 pounds; strength 9,000 pounds, with a slot closure of
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0.6 inch at 5,000 pounds and 1.2 inches at 9,000 pounds. It is 50 per cent,
stronger than No. 1 and about as flexible. This yoke was tested by ap-
plying the load directly to the slot jaws, as shown by the arrows, Fig. 2,
while No. 1 was tested by applying the load at the outer upper corners.'
This gave also a leverage some 4 inches greater. It broke either at BB B,
or at -S S S, Fig. 2.

Yoke No. 3 (Fjg. 3) is used in Denver, and Kansas City, and on the
new Olive street extension, St. Louis. It weighs about 360 pounds. It
failed at first at C C C, Fig. 3, but this opening was reinforced by an
inner flange about it, when it failed at H H, and D D. Several yokes of
this pattern also failed by cracking at A, the lower side of the upper web
section, at bottom. A small web connection across this bottom opening
at A. greatlv stiffened this yoke and nearly doubled its strength. Nine
yokes were broken from this general pattern and weight, but with various
minor changes in web and flanges. Their strength varied from 8,300 to
17,600 pounds, the latter result being obtained after the two bottom webs

were joined, as shown by dotted lines, Fig. 3, and breaking at D D. The
slot closure of this last form was | inch on total load, and ^ inch at

11,000 pounds.

Yoke No. 4 (Fig;. 4) is a solid web yoke of the same general pattern as

Fig. 3. When its weight is 425 pounds its strength is 40,200 pounds, and its

slot closure is 0.77 inch at rupture, 0.20 inch at 12,000 pounds, and J inch at

30,000 pounds. It breaks in the line R K, Fig. 4. When its weight is 350

pounds its strength is 2-',000 pounds, its slot closure is 0.77 inch at rup-

ture and 0.28 inch at 12.000 pounds, the strength of the iron being

20,000 pounds per square inch. This yoke has never been used, but its

remarkable strength and more especially its stiffness, strongly recom-
mend it. Its cost is no more than other forms of yokes.*

STRESSES IN A YOKE.

When a conduit yoke is acted on by external forces tending to close

the slot opening, it becomes a beam, and for purposes of analysis may
be considered as such. Whenever a beam is sul'jected to bending stress,

we have not only direct tension and compression in the extreme fibres,

but these are always necessarily accompanied by shearing stresses in the

web. These shearing stresses are the greatest along the neutral axis of

the beam, and increase usually from the centre towards the ends. The

* This yoke is patented and the patent controlled hy the Mullins Silicated Iron

and Steel Company, St. Louis, Mo.
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maximum shearing stresses, therefore, are found at the extremities of a

heam, and they act, not only transversely, but also longitudinally, and

are greatest along the neutral axis at the ends.

In all patterns of conduit yokes now in use, so far as the writer is

aware, there are large openings in the web of the yoke, as shown in

Figs. 1, 2 and 3. Furthermore, the connections between the inner and

outer flanges are radial or transverse to the shearing stresses. The effect

is that these shearing stresses are very imperfectly resisted and the

further effect of this is a deflection so great that the flanges, which

should be in direct stress only, tension, or compression, are so bent as to

have to act as beams, and they break from bending stress instead of from

direct tension as they should. That is, instead of having one beam of

the full depth of the yoke, from inside to outside flange, we have two
shallow beams, each of the depth of one flange and its attached web. In

fact, a yoke of this pattern to resist horizontal forces, is exactly anala-

gous to a bridge consisting of a top and bottom chord, with some vertical

posts, all cast in one piece. It is absolutely essential to both strength

and rigidity, especially for the latter, that these shearing stresses should

be resisted.

A further defect in designs, shown in Figs. 1 and 2, is the angle in the

outer flangp at bottom. This flange is in tension, both on sides and bottom
and yet this direct tensional stress has to be transmitted around an un-

supported right angle. It is one of the first fundamental principles in

designing to avoid carrying stresses around corners. A direct stress re-

fuses to turn a corner quite as peremptorily as a ray of light, and when
we undertake to make it do so it simply takes the short cut, in which
case it always gives rise to bending stress.

THE SOLID WEB YOKE.

It was for the purpose of resisting fully the shearing stresses that I de-

signed the solid web yoke. This yoke has over twice the strength and
more than three times the stiffness of the best form of open yoke I have
ever tested, and need weigh no more. It is the simplest way of over-

coming these shearing strains, and is, I believe, the best pattern of

yoke that can be made. Some engineers object to it because it offers no
opportunity to bond the concrete through it, as is the case with the open

web yokes. The necessity of this I cannot see, inasmuch as the concrete

is continuous from one yoke to the next, and is held at the yokes by the

projecting flanges.



330 ASSOCIATION OF ENGINEERING SOCIETIES.

To better illustrate the relative stiffness of the various designs shown
in Figs. 1, 2, 3 and 4, I have selected the loads which cause a slot closure

of J inch in case.

Hclativc Stiffness of Cable Yokes.

Load required to close Relative efficiency, or
Design. "Weight. slot-opening J4 inch. resistance per pound of metal.

1 320 3,500 lbs 11.0 lbs
2 425 4,500

"
10.6

"

3 360 6,000
"

16.7
"

i 350 10,500
"

30.0
"

4 425 16 000
"

37.7
"

The last column of this table shows the relative efficiency of the

various designs in maintaining the slot opening. It shows the solid yoke

to be from two to three times as efficient, per pound of metal, as the

open forms of yokes.

SLOT RAILS AND THEIR FASTENINGS.

In case there should be a great force developed between the slot and
side rails, as sometimes occurs, then the lateral strength of these rails

and the strength of the bolts holding them to the yokes should be strong

enough to resist it. In both cases, the strength is really the elastic limit,

since distortion is the thing to be avoided. Two |-inch bolts would give

a combined elastic limit of 30,000 pounds, and this is not greater than

should be provided. The slot rail should then carry this same load, dis-

tributed over the space between yokes, usually 4 feet, without perma-

nent bending set The size of this rail, when the form is given, can

readily be computed to carry such a loM without permanent injury, and
such computations should always be made.

DISCUSSION.

| By Wm. B. Knight (February 20) :—I have been much interested in

reading Professor Johnson's paper on the strength and design of yokes

for cable railways, and in the results of careful tests made by him of

actual yokes.

My experience and observation, however, in the construction of cable

railways, and from watching their operation, leads me to differ with

Professor Johnson as to what is the most advisable in the way of a yoke.

I question, in the first place, whether one of the objects of a yoke is,

as stated by Professor Johnson, " to resist the action of all external

forces ;'
-
' and think that if the yokes answer the main purpose of holding

rails and slot beams and carrying sheaves in relative position, together

with a certain amount of stiffness, that this is all that can be reasonably

expected of it. To undertake to provide against the action of the frost

would, even if practicable, very largely and unnecessarily increase the

cost of construction.

The yoke indicated by Fig. 1, which Professor Johnson's experiments

show to be the weakest against fracture from pressure and closure, was
designed by me in 1^86. It was at that time the lightest weight cast-

iron yoke for standard depth of conduit that had ever been used, so far
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as I know, on any cable railway work by nearly 100 pounds. In addition

to this reduction in weight, I increased the distance apart of the yokes

from 4 feet (which is the usual distance) to 4| feet. Further than this,

instead of using for the cable conduit tube a concrete made entirely of

Portland cement as customary, I used in the lower half of the tube a con-

crete made of Kansas cement, and Portland cement only for the upper

half. These modifications from usual practice effected a very material

saving in the cost of construction, and it seemed to me would meet all

the practical requirements of a first- class track, with proper treatment

of special conditions along the road.

The first line of this kind built was the Wyandotte extension of the

Fifth street cable line (Metropolitan Street Railway Company) in this

city, comprising about 4+ miles of single track, which was put into opera-

tion early in the winter of 1887, and has been in continuous and success-

ful operation witbout an hour's delay since that time. There has been

practically no trouble or expense incurred in keeping the slot open on
this line, except in two or three places where local conditions would, in

my judgment, have operated to produce the same result with any form
of yoke.

The Twelfth Street Line of the Metropolitan Street Railway Company's
system was built during 1887, and the winter of 1887-8. It was put into

operation in April, 1888, and has about eight miles of single track built

with the same kind of yoke and construction as in the other case. This

line has also been in continuous and uninterrupted operation since then,

and a careful examination of this line, like the Wyandotte extension,

shows no closure, or tendency to dot closure, except in certain localities

very limited in extent.

The Eighteenth Street Cable Railway of the Metropolitan system, com-
prising about 6f miles of track, was built with the same yoke, but has

the tube generally of Portland cement concrete throughout, owing to

the very wet character of the soil through which it is constructed. This

line has also been in continuous operation without interruption, and
without any slot closure whatever since it was completed, November 1,

1888.

I think the practical results thus indicated, after a year or more of ac-

tual use on different lines, indicate the correctness of the theory which
led me to adopt this lighter form of yoke. In this connection it may be

interesting to mention the fact that in the course of the construction of

the Fifth Street Cable Railway it became desirable, in order to avoid a

large gas main, to cut away the bottom part of the yokes, and even to

actually break them in two across the bottom. About 1,000 feet of track

was constructed in this way opposite the Union Depot in this city, and
there has been at this particular point absolutely no trouble whatever
with the slot, which maintains its f-inch with remarkable uniformity.

My observations and examinations as to the causes of the closure of

the slots of cable railways lead me to the conclusion that it is princi-

pally due to the saturation of the ground in which the tube is construct-

ed, and that a thorough system of sub-drainage by agricultural tile

drains will generally be found an effective remedy with even light yokes

and an inferior quality of concrete; and further, that increasing the
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weight of the yoke, or changing its form and construction and cott la

secure greater rigidity against Jateral pressure, will not prevent n clos-

ure of the slot from the action of frost.

The fact should also be remembered in considering the best form for

a cable railway yoke that the slot opens as well as closes; and although

it is of the most importance perhaps to the railway company to keep the

slot open wide enough for the grip to pass through at all times, yet at the

same time it is objectionable, and results in costly damage suits if the

slot opens beyond the legal f inch or | inch. This opening. I think, will

generally be found to occur at the same points on the line where the

most trouble is experienced from the closure of the slot.

I think a perfectly satisfactory track could be constructed, if desired,

without any yoke at all by simply forming the tube of Portland cemeut
concrete, larger in section than usual, thoroughly sub-drained, and hav-

ing suitable iron plates securely anchored in the concrete to which the

rails and slot beams would be properly fastened.

By J. B. Johnson (March 20, 1889):—The causes which act to close a

slot opening in a cable road are doubtless more or less local in their char-

acter. No slot opening ever varied uniformly in opening and closing.

"When Mr. Knight says, therefore, that trouble has been experienced

only at isolated points on his lines, he only voices the almost universal

experience. But when he supplements this statement by saying that in

his judgment a stronger yoke would, in these instances, have served no
better purpose in maintaining the slot opening, he would appear to state

that the resistance of a structure to a distorting force is no function of

its strength; he further reinforces this view of the case by affirming his

belief that a conduit would be just as satisfactory without yokes as with

them. The yokes do certainly add greatly to the lateral strength of the

conduit, but if this strength is a matter of no consequence, then the

yokes would seem only an expensive luxury, and should certainly be dis-

pensed with altogether. Perhaps only an actual construction of a cable

road without yokes which satisfactorily maintains its slot opening will

convince an incredulous public that yokes are unnecessary. In the

meantime most people will doubtless infer that the stronger the yoke

the more it will be able to resist the actioa of the closing forces, and that

if twice or four times the strength can be had for the same money, by

simply changing the design of the yoke pattern, it is the part of wisdom

to do so. Both the Cable and Western, and the Citizens' cable roads of

this city have been greatly crippled from slot closure. The Missouri

cable road has avoided trouble only by having a considerable room for

adjustment by the removal of shims between the slot rail and yoke. The
Citizens' road, not having this adjustment, has planed off J inch from

one of the slot rails on nearly the entire 12 miles of single track at a cost

of $25,000 to $30,000.

The Cable and Western yoke is made of railroad rail iron and they

wedge it apart when it closes, which it does every heavy freeze after

a rain. Their yoke is very flexible and the Citizens' road yoke has
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strength of only 6,000 pounds and closes 0.57 inch at 5,000 pounds.

The Missouri Railroad Company's yoke is stronger and they have cor-

respondingly less trouble.

What strength of yoke would be necessary to maintain a slot opening

under all conditions canuot be known, but both theory and experience

would lead us to conclude that the resistance to closure would vary di-

rectly with the strength of the yoke and conduit combined, and that

therefore the greater this strength the better, especially when it is ob-

tained with no appreciable increase of cost.

The solid web yoke cannot be made much lighter than 350 pounds, but

with the greater strength thus obtained in the yoke, the same strength

of conduit could be had with a weaker concrete. If Portland cement has

been used with a weak yoke, then some cheap natural cement, as Louis-

ville, Utica, or Rosendale. might be used with the strong yoke, without

lessening the strength of the conduit as a whole. In this way one could

obtain twice the strength for the same money, or he could obtain the

same strength for much less money.

It is important to know just how the cast-iron yoke and the concrete

conduit act when combined into one structure, as they are in the cable

railway. We will examine their relative action both as to strength and
as to stiffness.

Relative Strength of Conduit and Yoke.

From experiments made by the writer on concrete beams 10 inches by
10 inches by 66 inches long, two years old, the cross-breaking modulus of

Louisville cement concrete, mixed 1 cement, 2 sand and 4^ broken stone,

was found to be 200 pounds per square inch. For English Portland

cement, mixed 1 cement, 2$ sand and 4£ broken stone, the modulus of

rupture in cross-breaking was 350 pounds. If we take a Portland cement
conduit 36 inches deep, where the concrete has a cross section of 12 inches

by 12 inches at the yoke, and one of 36 inches by 6 inches deep between
the yokes, their moments of resistance are 100,000 and 75,000 inch-pounds

respectively, or 175,0C0 inch-pounds combined.

Taking the 350 pound solid web yoke, having a strength of 28,000

pounds, its leverage being about 36 inchps from the bearing points to

the neutral axis of the bottom, its moment of resistance is 36 X 28,000

= 1,008,000 inch-pounds.

The strength of the yoke is therefore nearly six times the strength

of the concrete portion of the conduit when made of Portland

cement.

Relative Stiffness of Conduit and Yoke.

If one material is much stiffer than the other, then the more rigid

material will carry the greater part of the load until it breaks, when
it all goes on the othe~ portion.

At rupture the deflection of any solid beam varies as —— , where f isEh
the modulus of rupture for that form of section and for that material,

E is the modulus of elasticity, and h is the height of the cross section.
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If we take the same average bottom depth of yoke and of concrete,

/
then the deflections will vary only as 5- at rupture.

We will take for cast-iron, / — 20,000 pounds (the section being I-

shaped), and E — 12,000.000, while for Portland cement concrete we
will take/ — 350 pounds, and E — 130.000. This modulus of elasticity

is taken from the Watertown Arsenal experiments on Portland cement
concrete cubes in compression. The ratio of these two deflections at

rupture would therefore be

Deflection of concrete conduit _ 350 +- 130,000 _31 _
Deflection of C. iron yoke 20,000 -f- 12,000,000"To

_

That is to say, the concrete conduit would deflect 1.6 times as much as

the cast-iron yoke, if both were of the same depth, and when both were
ready to rupture.

If the depth of the concrete at bottom be less than the depth of yoke,

then the relative deflection of the concrete would be still more than here

indicated.

Also, if the concrete be made up of a natural cement its modulus of

elasticity would be from 70,000 to 100,000, and hence its relative deflec-

tion, at rupture, would be more than here indicated.

It is safe to say, therefore, that a cast-iron yoke will always break

before the concrete which forms the conduit, provided the yoke acts as

a solid structure.

We now see not only that the yoke represents almost the entire strength

of the conduit, but that this strength is first developed under the action

of the closing forces, the full strength of the conduit not being developed

until after the yoke has broken.

So tar, therefore, as the stability and uniformity of the slot opening

depends on the strength of the conduit as a whole, almost to this same
extent does it depend on the strength of the yokes. A weak yoke makes
a weak conduit, and a strong yoke makes a strong conduit; or, in other

words, as is your yoke, so is your conduit.

GEORGE ALANSON PARKER.
A MEMOIR.

By the Late Samuel M. Felton, Honorary Member of the Boston Society
of Civil Engineers.

[Read April 17, 1889.]

George Alanson Parker, the son of Joseph and Esther (Chapman)
Parker, was born at Concord, New Hampshire, on the 8th of May, 1822.

He was one of thirteen children, and his parents being poor, his boyhood
was passed in very straitened circumstances. But he possessed an ex-

tremely active mind, and from his earliest youth showed a love of study

that was proof against every obstacle. At the age of eleven he left his

home and went to Charlestown, Massachusetts, for the purpose of attend-

ing school. A year later his father moved to the same place, which thus

became the home of his youth and early manhood.
Before he was fifteen a strong bent toward the profession in which his
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life was passed showed itself in his precocious mind, and in April, 1837,

he entered the office of Col. Loamnii Baldwin as a draughtsman. The
following winter, though not yet sixteen, he was appointed teacher of a

public school in Charlestown. At the end of the term he again secured

employment in Colonel Baldwin's office, with whom and with his suc-

cessor, Mr. S. M. Felton, he remained until 1841, when he obtained a sit-

uation on the Concord Railroad. This, however, he soon resigned to try

his fortune in the West, where he had been promised an appointment on
the corps of General Wilson, the Surveyor General of Iowa and Wiscon-

sin. Accordingly, in July, he set out upon what was then a difficult jour-

ney of thirteen days, only 150 miles of which could be performed by rail,

to Dubuque. In this town,which he described as "a dirty hole, containing

about 300 inhabitants, two-thirds of whom are little better than pirates,"

and where brawls and murders were of constant occurrence, he spent a

year as deputy surveyor. In the winter he traveled up the Mississippi

to Prairie du Chien, and explored the almost untrodden country beyond
Fort Atkinson.

In the summer of 1842, the appropriation for the survey beinsc ex-

hausted, he returned to Charlestown. Shortly afterward he became a

partner with Mr. Felton, who, as before mentioned, had succeeded to

the office of Colonel Baldwin. Here for some years he was busily en-

gaged in the duties of his profession. He made a large number <~f sur-

veys for projected railroads, beside building several whavves, surveying

and mapping the city of Charlestown, laying out the grounds of the State

Prison and of the Bunker Hill Monument, and doing much miscellaneous

work. Of the railroads which he surveyed or built the most important

were the Boston & Plymouth and other portions of what is now the Old

Colony Railroad, the various branches and extensions of the Fitchburg,

the Housatonic & Berkshire, the Peterboro & Shirley and a projected

railway from Springfield to New London. He found time also to serve

on the School Committee of Charlestown, and to render valuable as-

sistance as the chairman of a sub-committee charged with the organi-

zation of a high school for the city.

In September, 1S48, he was appointed Chief Engineer of the Sullivan

Railroad. Though begun some time previously, this road had made little

progress, and its importance as a connecting link made its speedy com-
pletion desirable. To this task Mr. Parker devoted himself with the

utmost energy. During the severe winter which followed, he labored

incessantly and succeeded, though at a heavy cost to his health, in finish-

ing the work by the succeeding spring. The next year he was called

upon to report, in conjunction with the engineers of the Cheshire and the

Rutland & Burlington railroads, upon a bridge across the Connecticut at

Bellows Falls. His estimate of the cost of this work was so low that no
one could be found tc take the contract at a price approaching his fig-

ures. He, therefore, undertook the work himself. Owing to the severe

floods which occur in the Connecticut, the building of the bridge was
attended with much difficulty. By very careful preparations he was
enabled to complete the piers and trusses without accident, though just

in season to escape an unusully violent freshet. The successful and
rapid construction of this bridge, and of the Sullivan Railroad, added not

a little to Mr. Parker's professional reputation.
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In April, 1853, with his family and his brother-in-law. Professor Fel-

ton. of Harvard University, be sailed for Europe. After traveling

through England and upon the continpnt, Mr. Parker, leaving his family

at Florence, set out with Professor Felton for the East. The ordinary

routes of travel being interrupted by the approach of war, they obtained

permission to make the voyage from Malta to Constantinople on H. M.

S. Caiadoc, the ship which carried the sealed orders that, a day or two
after th**ir arrival, sent the allied fleets into the Dardanelles and precipi-

tated the Crimean War. The warlike preparations lent additional

novelty to scenes always attractive in themselves, and, moreover, the ac-

quaintances that the travelers had made on the Caradoc procured them
admission to places not often open to tourists. Their stay in the East was
thus unusually interesting, but for Mr. Parker it was a brief one, for,

tiring of reparation from his fatuity, be soon returned to Florence. Here
and at Rome he spent the winter of 1853-54, and in April set sail for

home.
Although, from a reluctance to claim time and attention from others,

he delivered none of his numerous letters of introduction, he met many
of the people best worth knowing—Liebig, Humboldt, Thackeray, Mr.

and Mrs. Browning, the Martineaus. Crawford, Powers, Forster, Rogers,

Barry Cornwall among others—and in particular enjoyed the experience

of more than once exploring the lanes and by-ways of London with

Dickens.

In 1855 Mr. Parker became Superintendent of the Philadelphia, Wil-

mington & Baltimore Railroad. The plan then under consideration, of

bridging the Susquehanna River, was his chief inducement to take this

position, for, at all times in his life, routine duties were irksome to him.

He accordingly made surveys and reports, and took some steps toward
the construction of the bridge. The crisis of 1857, however, caused a

a suspension of the woi k, and he resigned his position. His love of

country life was always marked, and he now removed his home from
Charlestown to Lancaster, Mass., where bis father bad for some years

owned a large farm. The work of reclaiming land, planting and build-

ing became, and remained to the end of his life, a source of constant

and unfailing delight.

In September, 1859, he became engineer in charge of the projected

Southern connections of the Baltimore & Ohio Railroad at Washington.
The great importance of this work had long been recognized, but the

difficulties of circuitousness, cost and the necessity of a loDg ferry had
seemed insuperable. Mr. Parker, however, solved them by a plan for a

tunnel under the eastern part of Capitol Hill, and a railway over Long
Bridge. The outbreak of the war put a stop to this work, and ended also

the schemes, with which Mr Parker had at the same time been occupied,

for the development of railway communications in the Peninsula of

Delaware and the eastern shore of Maryland. At this time he offered to

raise a regiment of sappers and miners, to be officered by students of the

old Charlestown office, but was informed by General Scott that the war
would be over in three months, and such a regiment would not be

needed.

The pressure of travel caused by the war increased the necessity for an
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unbroken highway between the North and South, and, in the spring of

1862, work upon the Susquehanna bridge was resumed. Mr. Paiker was
made engineer, with Mr. Benjamin Latrobe as consulting engineer, and
returned with his accustomed energy to the work. This bridge was in

its day so considerable a feat of engineering that it merits a somewhat
detailed description, which follows, condensed from one written bj Mr.

Parker.

The site chosen for the bridge was at a point nearly a mile above the

mouth of the river, and four miles below the head of navigation and

tide-water. The natural width of the river is about 3,700 feet. The

engineering difficulties involved in the work were, principally, the un-

usual depth of water, the unstable nature of the bottom at certain points

and the more than common violence of the ice-freshets caused by the

accumulation of ice upon the extensive flats at the river's mouth. The

river is divided into two channels by a bar extending from Watson's

Island immediately above, the easterly one having a depth of 49 feet,

and the westerly one of 25 feet.- The currents of the river are normally

vertical to the line of the bridge, and tbe bottom of the river consists for

some distance from the eastern shore of a stratum of sandy alluvium,

varying from two to ten feet in thickness and resting upon a layer of

gravel and sand covering the primitive ledges of granite.

_ The bridge is composed of thirteen spans, seven of 250 feet, east of the

draw, and five of the same dimensions west of the draw. The draw-

span is 175 feet in length. The whole length of the structure is 3,273

feet. Its bright is 25 feet and its width 22 feet 6 inches.

The piers are of solid granite masonry, sheathed from the bottom to

the level of extreme high water with wrought iron. They terminate at

each end in triangular starlings, which do not project like the ordinary

plow-share ice breakers of American bridges, but have a concave

outline at their salient edges. The piers have only to meet,

when subjected to their greatest strain, a steady, crushing press-

ure, which is met by their inertia. An uncommon degree of inertia

proportionate to bulk is secured both by their iron sheathing and by the

material of which they are built,—Port Deposite granite,—which has a

weight of more than 165 pounds to the cubic foot.

The eastern abutment and the six eastern piers rest upon pile founda-

tions; the others are built upon solid rock. Seven of the piers are built

in water over 20 feet deep, the tallest being pier No. 3, where the

water is 39 feet deep. Tbe means employed to build the founda-

tions were of a novel character. They consisted of portable iron

caissons, sunk upon prepared foundations, partly by the use of screws

and partly by means of guide-piles. Where the foundations were of

piles these were driven as far as possible and sawed off by a machine
(devised by Mr. Parker), which, in 42 feet of water, did its work
accurately, and at the rate of sixty piles a day. At pier No. 3, where
the water was 39 feet deep, a construction wharf was built around
the site, and the caisson fastened to a timber platform moving
vertically on guides attached to the wharves. Screws 56 feet in

length were inserted through arms extending from the platform, so that,

by means of a simple turning gear upon the wharves, the structure was
made to descend upon the piles.
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The superstructure, originally designed to be of iron, was, owing to

the great difficulty of procuring that material at the time, finally built

of wood. The chords of the trusses varied in their dimensions to suit

the strain imposed upon them, an arrangement made necessary by the
great length of the spans. The upper surface of the bottom chord and
the lower surface of the top chord were, therefore, curved instead of

being straight, as usual in timber bridges.

Four years altogether were necessary to complete the bridge. In July,

1866, a violent tornado and waterspout almost entirely demolished the
ten spans of superstructure which had been raised. At length, on
November 26, 1866, the first locomotive passed over the bridge from
end to end, and the great line of railway from north to south was no
longer broken in halves. The entire cost of the work was nearly two
million dollars, which, considering the high price of materials and the
scarcity of labor during the period, was by no means extravagant.
Beside his work on the bridge, Mr. Parker, during the war, made con-

siderable purchases of rolling stock and railway supphes for the Govern-
ment, refusing all compensation for his trouble, and even paying his

own traveling expenses. In the year 1865 he acted also as President of
the Philadelphia, Wilmington & Baltimore Railroad. Having resigned
his connection with the company in April, 1867, he gave the next three
years to the completion of the Maryland and Delaware railroads already
projected,—the Eastern Shore, the Dorchester & Delaware, the Wicomico
&Pocomoke, and others, beside the Chester Creek Railroad in Pennsyl-
vania. His opinion as an expert bridge builder was also in much re-

quest at this time. He served as Chairman of the Committee on Piers
and Foundations of the Engineers' Convention held at St. Louis in 1867,

to consider the great bridge over the Mississippi, and was called to testify

before the Congressional Committee having in charge the plans for

bridging the Ohio.

In 1870, refusing to represent any political party, Mr. Parker was
elected to the Massachusetts Legislature as an independent. During his

two terms in this body he performed much laborious and valuable serv-

ice. As Chairman of the House division, he made a separate report upon
the most important business before the Railway Committee of that

year—the question of State aid to the Boston, Hartford & Erie R. R.

In 1871 and 1872 he held the same position on the Harbor Committee,
the work of which interested him greatly. In his second term,

also, he wrote a separate report for the Special Committee on Narrow
Gauge Railroads, which attracted much attention and brought him
correspondence from all parts of the United States and Canada.

At this time be was occupied with the building of the Lancaster Rail-

road, the failure of which, through no fault of his own, was the severest

trial of his business life. In 1876 he made surveys for completing the

New Yark & New England Railroad from Waterbury to the Hudson. In

the same year he was appointed a manager of the Vicksburg & Meridian

Railroad, being especially charged with arranging the proposed connec-

tions between Savannah and Shreveport on the Texas Pacific Railroad.

In May, 1879, he undertook the construction of the Charlotteville Sc

pidan Railroad, which he completed in July of the following year. To
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this period also belongs a scheme, devised by Mr. Parker, for crossing

Boston Harbor by means of a bridge with a double draw of diamond
shape, the plan for which mysteriously disappeared from the Boston City

Hall, and was subsequently published as original in an English periodi-

cal. About this time he was engaged upon the former plan for the

Washington connections of the Baltimore & Ohio, which, for some rea-

son, were again abandoned. In June, 1882, he was appointed consulting

engineer of that road, and made examinations of its new line to Phila-

delphia. The next year, however, disapproving of the route chosen for

that work, he resigned his position.

The last work upon which he was engaged was the Zanesville & Ohio
River Railroad, traversing the Muskingum Valley. This railroad, begun
in 18fc5, he completed only a few months before his death. His useful

and honorable life came to an unexpected end, after an illness of but a
few hours, on the 20th of April, 1887.

Mr. Parker was twice married. His first wife was Miss Mary Evans,
of Concord, N. H. ; his second wife, who was Miss Harriet Newell Fel-

ton, survives him with her four sons and two daughters. The foregoing-

brief sketch of his life can give but little idea of his character. Born in

humble circumstances, he owed his rise entirely to his integrity, his in-

dustry and his ability. Gifted with much natural aptitude for his pro-
fession, his work was marked by excellent judgment, by great skill in
planning and by unwearied diligence in execution. His love of reading
and study has already been mentioned. To the last it remained undimin-
ished, and few men, indeed, could match his range of taste and informa-
tion. Few members of his profession have had a more intimate acquaint-
ance with the history and literature of its great achievements, or have
appreciated more fully its dignity and usefulness. The kindred science
of architecture, also, had great attractions for him. Many of the railway
stations, which be designed early in his career, to this day hardly sur-
passed in convenience and simplicity, remain to attest his skill in this
art. Delighting in everything pertaining to country life, his happiest
hours were spent upon his farm at Lancaster. This place, bare and un-
attractive, like most New England farms, when it came into his posses-
sion, his taste and skill in landscape gardening transformed into a park
whose groves and avenues of trees remain a unique and worthy monu-
ment to his memory.

ERECTION OF IRON BRIDGES-CLEVELAND & MAHONING
VALLEY RAILWAY, SECOND TRACK.

By James Ritchie, Member of the Civil, Engineers' Club op Cleveland.

[Read May 14, 1889.]

The object to be attained in the erection of bridges on existing roads is

to do the work in the least possible time and without danger or delay to
the traffic of the road. The work of erecting the bridges on the second
track of the Cleveland & Mahoning Valley Railway has subjected the
company operating the road to no danger and very little delay. The
following is a list of the bridges erected, the numbers omitted being



Jridge No. 7 —1 span, 89 ft. 6 in.
" 7)4-1 " 30 ft. 6 in.
" 7)6-1 " 28 ft.
" 8 -1 " 59 ft. 3 in.
" 9 -1 " 160 ft.

" 10)6—1 " 35 ft.
" 11 —1 38 ft. 2 in.
" 12 —1 96 ft.
" 13 —1 55 ft. 6 in.
" 14 —1 29 ft. 6 in.

" " 14)6—1 27ft. Sin.
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those bridges which had already been double tracked or were beyond the

limits of the double track work.

Riveted lattice deck.
Plate girder through.

" " deck.
" " through.

Pin connected Pratt through.
Plate girder through,
and 2 spans 11 ft. Plate girder deck.
" 1 " 23 ft. 8 in. Riveted lattice deck.
Plate girder through.
" " deck.

and 34 spans beam girders from 4 ft. 6 in. to 15 ft. span for open culverts.

These bridges were built and erected by the Passaic Rolling Mill Com-
pany, of Paterson, N. J., according to the plans and standard specifica-

tions of the N. Y„ L. E. & W. R. R. Co., approved by the Chief Engi-

neer of the C. & M. V. Ry. Co.

The shorter span deck girders and the beam bridges were put in place

directly from trains standing on old track. The material, as shipped

frum Paterson on flat cars, was taken to its proper location and slid into

place by use of skids without the use of false work. The bridges 7, 9

and 12 required a complete false work, as will be explained. Bridge 7£

was put in entirely new by use of Tthe Erie Company's wrecking cars,

which are fitted with hand power derricks. Bridges 8, 10£ a^d 13 con-

sisted of a double strength plate girder, which was to replace the old

girder on the side toward the new track, while the old girder taken out

was used to support the outside of new track, thus making a three girder,

double track bridge.

Bridge 11 is of three spans, plate girder, and is rather peculiar in its

construction. It carries the railway across a street at Niles, Ohio. There

is one ^pan of 38 feet 2 inches ^nd two spans of 11 feet. The intermedi

ate supports are four iron columns on stone pedestals set so as to allow

the sidewalk to be between the columns and the abutments at each end,

and as the bridge has a double skew the appearance in plan is peculiar.

This bridge was erected by the Erie wrecking car from old track, the

columns being first lowered to place and the girders then lowered and

secured to same.

Bridge No. 12 was shipped in sections, each truss consisting of three

pieces, one of about 50 feet in length and two of about 20 feet each.

This bridge was put in by the derrick cars and took about four days.

Bridge No. S, being a single track through bridge, it was deemed
best to replace it with a new two truss double track bridge of 17

feet more ?pan than the old bridge, which was 143 feet. The old bridge

was to be used on the New burgh branch of the Erie Railway in

New York. In preparing for the erection of this new bridge, a tem-

porary pile trestle bridge was constructed to carry the new track

across the river, which track was then connected at both ends to

the old main track and all trains switched off on to temporary

track. The old bridge was then removed from the abutments and
shipped to its destination and the abutments were taken down and
replaced with new masonry ard f< undations. The latter consisted

of 12 inch piles 24 to 30 feet long, driven 2 feet apart on centres,

capped with 12 by 12 inch oak timber, drift bolted to piles. The caps
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were then covered with a floor of 12 by 12 inch oak, the top of this

floor being 8 feet below the ordinary low water. The footing courses of

the masonry were 24 inches thick and 13 feet wide on the main walls,

diminishing to 9 feet in width at ends of wings. The height of the walls

from foundation to bridge seat was about 20 feet and the ballast wall

was 3 feet 6 inches high above bridge seat. The temporary bridge was

used as false work for erecting the superstructure on the north side and

a double row of piling driven on the south side to serve similar purpose.

These supported a framework of posts and braces carrying an iron rail

on each side of bridge on which a traveler ran the entire length of the

work and far enough on to the banks to pick up the material from the

ground or the cars and take to its proper position. As soon as the south

track stringers were put in the track was put down and traffic trans-

ferred back to the old track, while the trestle work was taken out and
the new track put in in its true location.

In putting in the girder of Bridge No. 8, both the derrick cars of the

Erie Company were so broken as to be laid up for repairs, so that we
would be delayed in the erecting of Bridge 7, which was the last bridge

to be put in, and would have to keep the men waiting unless some other

means of erectirjg were substituted. We therefore decided to use two
steam shovels, then engaged in grading for the second track, and to put

in the bridge on Sunday, as there were fewer trains running than on
week days. A locomotive was employed to pull each shovel, and on

Sunday, at 9:40 A. M., the two shovels took hold of the longest section of

the truss (about 50 feet) and moved out on to the old bridge. At the

proper place they were stopped, the derrick arms swung out and the sec-

tion lowered on to the false work. By moving the shovels closer together,

and taking a fresh hold, the section was swung out nearly to its proper

distance and braced temporarily. The 20 feet sections were each handled

by one shovel and lowered to place and secured by bolts to the centre

section. The second truss was put in similarly and the sway bracing put in

and bolted up temporarily. It was found that in putting in the false

work, allowance had not been made for the height of the end castings,

and that the centre was about 6 inches too low. While one engine was
removing one of the steam shovels back to commence its grading the

other shovel was made fast to a chain passed around the centre of the en-

tire bridge, and with apparent ease lifted the whole weight (about 18

tons) clear of the abutments and swung i*; out about 20 inches beyond
where it was first dropped, and lowered it to its proper position exactly.

All that remained to be done was to replace the bolts with the rivets

shown on drawings. The work was entirely finished as above at 3:45

P. M, Of this time the men took 30 minutes for dinner while waiting

for a train at noon. The actual time worked was 5 hours and 35 minutes,

which, eompared with the work on Bridge 12, same span, shows the

value of steam derricks over hand power. The entire cost of using

the steam shovels for this purpose, including the crews of the shovels

and of the two locomotives and the laborers employed by the bridge com-
pany, was $180, or about $10 per ton of iron work.

Toe steam shovels used in this work are tho-e which have been almost

universally used by our contractors in grading the second track, and are
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known as the Barnhardt steam shovel and wrecking car. I have never
seen better work done by thern than was done in erecting this bridge, as
they worked with ease and rapidity, and their engines answered quickly
to orders to stop or go ahead, thus making it possible to do fine work in
connecting the joints. Of course it was necessary to chain them down
to the main track when swinging out the trusses, otherwise they might
have been pulled off the bridge into the river. We blocked up one side

and chained down the other, as the bridge was not wide enough to en-

able us to use the regular jack arms of the shovel. Had we used these
shovels for erecting all our deck bridges and plate girders we would have
saved considerable time, in fact have finished so much sooner that
the additional cost of the shovels would have been more than offset by
the reduction in the time of the laborers.

The time occupied in erecting the 11 bridges and 34 spans beam bridges

was three months, or from December 1, 1888, to March 1, 1889.

DISCUSSIOX.

Mr. C. G. Force: How long was that longest plate girder ?

Mr. Eitchie: Fifty-nine feet was the longest plate girder taken all in

one piece.

Mr. A. Mordecai: Mr. Ritchie has not mentioned the largest bridge.

It is a double track draw-bridge, 226 feet between the two faces. It is

220 feet between the e~d pins. The bridge rests uxitirely upon the rim of

the turn table. It is not centre bearing. There is no weight at all on
the centre pin. It is very easily moved. We had rather a singular ex-

perience in putting it in. The turn-table w as erected in the shop. The
arms were turned upside down, and when they came to erect it on the

pier they got the arms in the right place; consequently, there was a
difference in their'length that gave the centre pin a little rocking motion,

so the arms had to be taken apart and made the same length. It shows
the importance of getting a piece of work right in the shop before bring-

ing it into the field for erection.

Mr. Ritchie : My reason for leaving out bridge 5 (Cleveland draw) was
that I had no charge of it, as the N. Y., L. E. & W. R. R. Co. put it in.

Mr. C. H. Strong : I understood Mr. Ritchie to say that 59 feet is the

length of the girder, what is the depth '?

Mr. Ritchie : The depth is about 5 feet. The long plate girders were

put in with the hand derrick, the short girders were put in on skids.

Mr. W. P. Rice : What is the horse-power of one of these steam der-

ricks ?

Mr. Ritchie : I do ^ not know. It is claimed that they will lift 20

tons 14 feet out.

Mr. S. J. Baker : Are these bridges only put on to the second track ?

Mr. Ritchie : The deck bridge were put under the second track only.

Through bridges were built for both tracks.

Mr. Porter : As I understand it the railroad company bought these

bridges by the pound and erected them.

Mr. Ritchie : No, they were bought by the pound erected.

Mr. Porter : Is not half a cent a pound a large price for erection ?

Mr. Ritchie : We did not figure that out—the bridge company paid for

them.
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Mr. W. H. Searles : If Mr. Ritchie would make a blackboard sketch of

Bridge 9 and explain the plan of operations it would illustrate his

paper.

(Mr. Ritchie makes blackboard diagram and explains.)

Mr. Ritchie, pointing to diagram: Here was the old single track bridge.

A temporary trestle was built across the river on the north side of the old

bridge, and a second track was laid on that trestle. As soon as this was

completed and ballasted, trains were switched off on that track, and the

old bridge was taken down, loaded up on cars and sent away. The old

abutments were then taken out, and the new west .abutment was relo-

cated in the same place as the old abutment, the east abutment being 17

feet east of the old east abutment.

This temporary trestle, which was a little too far north for the finished

location, was thrown in towards the old track, so that the tracks would
be the standard distance apart—13 feet centre. A stringer was laid on

posts put up resting on the caps. (Referring to sketch.) Suppose this to

be the stringer along here,—on top of that was another line of stringers

on which was a rail carrying a truck. Oa the opposite side of the bridge

was driven a double row of piling, and a similar arrangement of posts

and braces was put up, and another rail on that side, and the entire width

of the bridge was spanned by this traveling derrick, which would work
both ways, longitudinally and transversely, so that finally all the pieces

were taken out and put up by the derrick.

Mr. Porter: Was that derrick a kind of locomotive derrick ?

Mr. Ritchie: It moved the entire length of the bridge by hand.

Mr. Searles: What is the length of the span of this bridge ?

Mr. Ritchie: One hundred and sixty feet.

Mr. Mordecai: Is half a cent a pound about what you figured for cost

of erection ?

Mr. Ritchie: That was the actual cost of putting in Bridge 7. The
others were not figured.

Mr. Porter: 1 suppose that price was justifiable on account of time
saved.

Mr. Force: Six dollars a ton is a pretty good price. As the work was
done on Sunday I suppose you paid an extra price for the men.
Mr. Ritchie: No, we paid the regular price.

Mr. Barber: I have found a plan useful once or twice, the principal

object being not to stop the trains; it consisted in designing a false work
that would not interfere with either the old or the new bridge, putting
the track on this false work and then removing the old bridge and
replacing the new. Probably it did not cost more than an ordinary
erection.

Mr. Mordjcai: By using pile trestle for our false work it costs a little

less than half a cent a pound, but we have never done it for $6 a ton;
the least, I think, was $9.50, but there we did not drive any piling; the
bottom of the river was hard.

Mr. Searles : I think the Club would like to see the plan of the Niles
skew.

(Mr. Ritchie makes and explains diagram, showing one abutment
skewed to the right and the other to the left.)

Mr. Biker : Why was it necessary to have the bridge skewed ?
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Mr. Ritchie : In order to conform to the line of the street. The abut-

ments have to conform to the street lines. There are three girders—one

of 33 feet and six inches, and two at the ends of about 11 feet each.

Each of the small girders was erected by a separate derrick. The der-

ricks stood on old track. The material was lying on the bank there.

We could not reach as far with these derricks as with the steam der-

ricks.

S. J. Baker: I would like to ask Mr. Force what he thinks of putting

the weight on the rim of the turn-table.

Mr. Force: I am opposed to putting a great proportion of the weight

on the centre pin. The centre pin may carry the weight for a short time,

but it is only for a short time. We have an example of this in tha city

on the Lake Shore bridge built by the Keystone people. They attempted

to carry the greater part of the bridge on the centre, but failed. I favor

putting a small portion of the weight on the centre and the major part

on the wheels.

A Voice: Is the cost of the wood work included in the half cent a

pound estimate?

Mr. Ritchie: No, merely the iron work. The wood work on the bridges

is ties and guard rails.

Mr. Rice: I had rather a peculiar experience in building the highway
bridge at Brooklyn and Brighton. I was limited in the amount of

money and was forced to put two pedestals nearly over the crown of a

arge arch culvert. I had only 10 days, and, from a superficial exami-

nation of the arch, knowing the load to be slight, I had no hesitation in

making that location. As the work progressed I endeavored to procure

drawings, and finally found one of the contractors and found the amount
of backing that had been put in—there was perhaps 13 feet of clay. My
first idea was to eo down to the crown of the arch, but

as I went down I found the material very stiff, so I left

4 feet of clay. I then found that the line of pressure went
outside of the ring stones. I figured out the load of the

bridge and the probability was that the arch would fail.

I finally learned that after the arch was proportioned and built that some
change was made there. I have no doubt that the clay is a very great

assistance to the arch, but it has been a question in my mind what would

be the lines of pressure. Would they be vertical lines ? I think they

would not be entirely vertical. Perhaps the pressure has been distributed

laterally. While practically I had no doubt that the arch would stand,

the figures indicated a failure. The arch is as good to-day as it was
originally. I had to trust to practical judgment rather than to figures

in this case, and the result is that the bridge stands firmly to-day.

(Makes diagram.)

Mr. Force : The span of the arch is 45 feet and I built it. It is nearly

a semi-circle. The ring courses are 24 inches. It was originally built

with a 4-foot parapet wall for the county. It was afterwards necessary

to raise the parapet wall.

Mr. Rice: I have never taken much stock in theories regarding arch or

retaining walls.

Mr. Force: There is one view taken of the skew arch, which is, that
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the pressure of the arch or any superadded load travels in a line with

the face. I do not believe that. I believe that the weight goes to its

nearest support. 1 believe that an arch is a unit. I do not believe that

the pressure follows at right angles to the bed lines. That is a theory I

could never swallow.

Mr. Searles: I think that ground may be well enough taken as regards

the central portion of the arch, but near the face or ring stones we must

provide for pressure that cannot go at right angles to the arch.

Mr. Force. If I had an arch to build I should not take any pains to

build a skew arch ; I would bevel the face and get the joints parallel

with the axis of the arch.

SAN BLAS CANAL VERSUS PANAMA CANAL, AND SEA LEVEL
VERSUS LOCKS.

By Wm. W. Redfield, Member of the Minneapolis Society of Civil,

Engineers.
[Read May 8, 18S9.]

"What I chiefly propose to do in this paper is to express a few of my
own views in the matter, at the possible risk of being considered vision-

ary. The latest scheme connected with the building of the canal

(Panama) is that of the use of temporary locks, in order to expedite the

completion of the canal sufficiently for vessels to pass through, and thus

hasten the incoming of a revenue. That is all very well; but if locks

must be used, why go to Panama for the route ? Why not adopt that of

Nicaragua in such a case ? Such would be the best route of all if locks

must be used. But Nicaragua, good as its route may be, is at a point

that makes a badly located focal point for converging and diverging

lines of traffic thereon. By referring to any good map of the western

hemisphere, this will be clearly seen. That is to say the Isthmus of

Panama distinctly shows itself to be directly in the path of all shortest

routes that would puncture this continent. Therefore, Panama or near

by is the place for such work.

We have spoken of what the canal company is pleased to call " tem-

porary"' locks. I believe the word " temporary," as here used, when
strictly interpreted, means "permanent." Then, of course, it follows

that there will be no sea level project, and the scheme dwindles down to

the construction of a canal in fact, instead of an artificial strait con-

structed by man. Now I hold that as things generally go, it will be al-

most physically impossible to change a lock-canal to a sea-level one after

operation has begun; in fact, I see but one way in which it may be

feasible. Tbat is to excavate sufficiently wide through all the work so

as to leave a level plain on either or both sides of the canal with locks.

I think, even then, it will be found extremely difficult to construct a sea-

level route alongside of one of greater elevation. But why be in such a

hurry to have locks ? Why is it not better to boldly say "sea-level or

nothing," and work intelligently on that basis ?

My plan would be as follows: To make the cross-section of the finished

work to be a level plain at bottom about, say 6 feet above the highest
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tide. This plain to be considerably wider at bottom tban tbe top width
of waterway of canal proper. If the vast tonnage passing through the

Suez Canal is any criterion to go by, after the completion of the Panama
Canal, a very few years will imperatively demand a widening of it.

Such a cross-section permits this at any time. Again, imagine the

"Chagres problem"' to be solved; what better facility then, for a channel
for the flow of all the side tributaries to tbe canal (the Chagres and the

Rio Grande included) ? Again, the great width at shore of canal facili-

tates the construction of artificial waterfalls for the Chagres and Rio

Grande into cations extending laterally into the bluffs just enough to

give the water an easy and gentle flow into the side channels designed

for them. But then comes the question, " What, make all that excava-

tion ?" I say boldly, yes, that is the only way to keep the rivers, cut by

the route of the canal, permanently and satisfactorily out of the way of

the canal. The number of cubic yards to take out is not the difficult part

of the problem.

And now in regard to that " Chagres problem,'' that seems to be the

bete noir in all the articles about the canal that I have so far read. What
is it? Is it really to be feared as much as it is cracked up to be? If

bandied ignorantly, yes; but intelligently, no. I would suggest making
a through cut as they go, keeping the bottom of said cut rigidly down to

the required elevation above that of high tide ; to do this at both ends

of the canal ; to excavate the artificial river beds on each side of this

cut and in the bottom of same and as near as possible to and against the

side slopes of the cut. As fast as a side tributary is encountered for the

last time allow it to enter a side canon by a water fall far enough away
from the artificial channel to prevent wash and to enter tbe channel it-

self in a quiet way. Then the canal proper could follow ; a pair of tem-

porary lock gates could be used to keep back the sea water from where

the canal proper was being excavated. When a mile was ready for

water, put in a gate ahead of the finished part and let the water in.

Then take out the gate back of the finished part, and

place it where the next mile would end, and thus advance

alternately with the two gates. At the same time let the excavations on

top go on as fast or as far as practicable, in order to lessen the amount of

face to be worked on, by the gangs at work on through-cuts. I see in a

recent newspaper, a notice that a steamer has passed successfully along

15 miles of the canal from the Atlantic side. That fact alone, if it is so,

ought to cause a rise in the stock of the canal company. The canal, if

it is in a fearfully unhealthy country to work in, is no more so than was

its predecessor, the Panama Railroad. In fact far less so, when the great

disadvantages the railroad labored under are remembered. No facilities

for getting about except the paths cut by hard labor through the dense

tropical undergrowth. Now, this railroad itself renders the construction

of the canal only to be a matter of time and money and men. The

canal company has commodious hospitals for its sick. The present

company may have failed. Money may come into the concern but

slowly now or not at all. But all that does not make the completion of

the canal (and that, too, on the basis of the plan I have given) an impos-

sibility. Claiming, as I do, that the physical solution of the problem is
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riot out of reach, the financial part of the same will be sure to take care

of itself. Rumors come from time to time (and there i undoubted

truth in many of them) that affairs on the Isthmus are at a standstill.

If this is so, is it not time for Americans to take hold of the scheme
and make it a success, as the average American is sure to do with every-

thing he undertakes i

Quite appropriately, and since writing the above, my attention has

been called to a route, that in my view is superior to that of Panama, and
yet so neighborly to the same that for location it is for the world's

purposes practically the same. I mean the San Bias route, whose
Pacific terminus is only about thirty miles east of Panama. This

is a route that has been rarely mentioned, on account of just one objec-

tion. This is a tunnel seven miles long. But what, and where is this

route ? Let us examine it briefly. I have the honor to refer to the

eminent W. W. Evans, in an article by him on the subjtct, from which
I quote: " I will confine myself to three predictions. First, that Lesseps

canal as a sea-level canal will never be built ; second, that the Nica-

ragua Canal will be built, and by our own government or people ; and
third, that when the great importance of this water line to the world,

and more particularly to our world, is once proved by the Nicaragua

canal, then there will be a sea-level canal built on the San Bias route,

where it should have been built in the first place. It presents the shortest

route from ocean to ocean ; it can be cut in one straight line without a
curve : it is not on a line of drainage ; it has good harbors at each end

;

it can be traversed in less than one day ; it is in a comparatively healthy

region : it has every point in its favor but one—namely, a tunnel big

enough to pass a ship ; and it has not yet got through the craniums of

those wise men who have been sitting on this problem for so long a time,

trying to hatch out something, that it is as easy to cut a ship tunnel as

cut a railway tunnel, they only differ in quantity ; and as regards this

very tunnel there is not as much rock to be removed as there was in the
' Des Aguadero,' near the City of Mexico, which the Spaniards cut

merely as a precaution, nearly 200 years ago, when their tools, their blast-

ing compounds and their engineering knowledge were a mere bagatelle

to what we now have at command."
I will now give a little information derived from an article in Van

Nostrand's Magazine of June, 1869. A survey of the route was made in

1863, and a report thereof in 1864. on behalf of Mr. Fred. M. Kelly and
others, of New York City, under the direction of A. McDougall, of Mass-

achusetts, now deceased, as chief engineer, and Charles A. Sweet, of

Syracuse, N. Y., as principal assistant. According to this survey the

length of route from coast to coast is 30.03 miles. It extends from Che-

pillo Island on the Pacific coast (about 30 miles east of Panama), to the

Gulf of San Bias on the Atlantic side. For convenience, the work may
be divided into four sections. The first section extends from Chepillo

Island to '"Paneas" on the Bayano River, and is 10.101 miles long. Work
required ; a composite dam across the river at the Great Bend of the same;

a tidal-lock at the Great Bend with walls 45* feet high; a short canal cut

across the Bend; removal of sand bars in Pacific Harbor and in Bayano
River ; and a light house at Chepillo Island. Estimated cost, including
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draining, chopping, earth and river excavation, embankment, masonry,

labor, materials, etc. : Removal of bars, §136,884; light-house, §12.000;

tidal lock, §675,844; composite dam. $174,631; Great Bend cut. §209,835;

total, $1,208,994.

Section 2 is a canal from Bayano River at Paneas, to the south end of

the tunnel, and is 8.996 miles long. The work consists of the canal

proper, and a new channel for the Mamoni River (crossed by route of

canal), about 3.6 miles long. Estimate of cost : Canal, inclusive of bail-

ing, draining, chopping, excavation, embankment, puddling, etc., $13,-

033,943 ; new channel for Mamoni River, $115,752 ; total, $13,149,695.

Section 3 is a tunnel through the Cordilleras, 7 miles long. This is ex-

clusively rock excavation. It consists of a canal of 25 feet depth of

water, a perpendicular excavation of 29 feet above water surface on

either side, from which springs an arch, forming the roof, and sufficiently

high to pass over and dear the tallest masts. This section, at §2.50 per

cubic yard, is estimated to cost §29,316,067.

Section 4 extends from the north end of tunnel to 25 feet depth of water

in the Gulf of San Bias, on the Atlantic side, and is 3.073 miles long.

The work consists of the canal proper, a lock with 9 feet fall and walls

38+ feet high, and a lighthouse on San Bias Point. Estimate of cost ie :

Canal §11,234,318
Lock No. 2 or lift lock 506,017

Light-house 12,000

§11,752,335

Summary.
Section 1 §1,208,994

" 2 13,149,695
" 3 29,316,067

4 11,752,335

§55,427,091
10 per cent, for engineering and
contingencies 5,602,809

Medical and military aid, etc.,
interest on capital during
construction, and transporta-
tion 32,500,000

§93.529,900

This estimate is based upon a canal (except in tunnel) having a surface

width of 143 feet ; at the bottom a width of 100 feet, and 25 feet depth of

water. A second and cheaper estimate on a smaller size of canal is also

given, which I shall not here repeat. Summed up, the general facts are:

Entire route, except near the mountains, is nearly level; summit of Cor-

dilleras varies under and over 1,200 feet above the sea: entire canal to be

fed from Pacific Ocean and water maintained at the level of ordinary

high tide in the Pacific. Tides in Pacific rise from 12.65 to 22 feet for

highest. On Atlantic side there is from one to one and a half feet from
ebb to flow.

From an article in the Journal of the Association of Engineering
Societies for August, 1886, there is seen to be stated that an approxi-

mate estimate of work done on the Panama Canal, and work still to do
tocomplete the same in eight years, in total, amounts in round numbers,

with interest to same, §800,000,000. Now put these figures against the

above estimate for the San Bias route, and there seems to be no doubt as

to which is the best route. Take alone Mr. Evans' reasons "that it is not

on a line of drainage, no Chagres problem to contend with, a good harbor

at each end :
' (the Panama route has them not), and the other reasons

given by him are sufficient to make the San Bias route the best. And



ENGINEERING. 349

now, what about the chief objection raised againbt said route, to wit, a

tunnel large and tall enough to float the largest sbips ? Is that enough

reason to condemn a route when every other argument is in its favor ?

Has not the science of tunnelling advanced to such an extent in the

last ten years, that the objection can be overruled ? It would appear so.

For instance, drive a small heading having its roof coincident with the

crown of the arch of tunnel roof ; sink as many shafts as practicable, so

as to admit of more faces to work said heading. After headings are suf-

ficiently advanced, keep adding forces to excavate on floors and sides of

same, conforming all the time to roof and sides of large tunnel. Soon

the work ceases to be tunnel-work, and becomes open excavation in tun-

nel. The work can be performed day and night, rain or shine, when
outside work would have to stop. The wonder" is that this route was not

chosen instead of the one at Panama, the more one looks into it. Again,

the seven miles of tunnel might be shortened to five, or even three, by

enduring some open cuts of 600 or even 700 feet in depth near the portals

of the tunnel. With everything else so much in its favor, it seems folly

to shrink from what nowadays is no objection at all, that is to say a

tunnel.

In conclusion. I would also suggest that after the canal was opened and

paving revenue, a portion of said revenue might very wisely be applied

each year to removing the roof from the tunnel, or, in other words, con-

verting the tunnel into an open cut, and thus giving to the world a

monument of American engineering skill, and a bona fide vindication

and enforcement of the Monroe doctrine.

ENGINEERING.

Address of President W. R. Warner, of Civil Engineers' Club,
of Cleveland, May 14, 1889.

The work of the engineer is to develop the forces and materials of

nature. Like the professions of theology and medicine, engineering has

been divided into several schools, but unlike those professions each

branch works in harmony with its neighbor, for are all working out na-

ture's laws, and unfolding her secrets. Each victory gained by one gives

new light to the others, and each depends largely upon the others, for

they all are links in the great chain with which the world is moved.
The civil engineer of to-day is not content with building a railroad on

a level plane: he has climbed the highest mountain ranges, reaching an
elevation of over two miles, and has crossed the deepest gorges, with the

iron tracks hundreds of feet in the air. He has tunneled the Alps for

nine miles, connecting Italy and Switzerland, and has bridged the deepest

and widest rivers with structures reaching one-third of a mile in a

single span, over which 1,000 trains of cars are run in a single day.

The pyramids have been among the wonders of the world, and for

ages were the highest structures ever erected by man, but the modern
engineer has within five years doubled the height of the great pyramid,
in the construction of the Eiffel tower in Paris.
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Hand in hand with him works the mechanical engineer, who plans the

steel works so that the iron ore from the mountains is taken from the

docks by automatic machinery and dumped into the furnace, and then

passed on from one operation to another, first iron, then steel, then the

ingot, which is passed on to the rolling mill and turned out a complete rail

100 feet long, sawed into three lengths, and piled up ready for shipment,

while still retaining the heat from the first furnace.

The mechanical engineer builds the locomotive and the express train

of solid vestibuled cars, strongly clamped together like a continuous

flexible car, in which the jar and vibration are almost eliminated.

The architect or buildmg engineer is keeping fully up to the progress

of other departments of engineering. It is true we have noble examples
of the architecture of past ages, but for the most part they were the work
of ages, for without our modern appliances and methods, a lifetime was
not long enough to complete a building. Two bundled and fifty years

elapsed between the commencement and completion of St. Peter's cathe-

dral. The cathedral at Milan was 600 years in building, and a derrick

on one of the towers of the cathedral of Cologne was a landmark for 400

years. A few months, or at a most a few years, are all that is required

to construct our finest buildings, for the power of steam is utilized to

raise all materials and place them in position. The new method of con-

structing the interior of our large buildings separate from and in advance
of the walls, is meeting high favor. "We have two excellent examples of

this in the Arcade and the Society of Savings building in this city.

Another branch of special engineering is applied science, and in this

department the civil, mechanical, architectural, mining, hydraulic and
electrical engineer finds his strongest ally, for the investigator who
works out the deepest problems of nature, and brings them within the

realm of science, gives new tools and new instruments to work with, and
thereby increases the possibilities within the reach of all departments of

engineering.

The old unit of linear measure was a certain part of the earth's quad-

rant, but within the last two years two Cleveland scientists—members of

this Club—have astonished the scientific world by going to the other ex-

treme, and, taking the wave length of light as the standard unit, have
demonstrated by ingenious appliances that by counting these wave
lengths a standard linear measure may be produced, which can at any
time be duplicated to within one one -millionth of its length.

The great advance in our understanding and use of electricity is due

to invention and discovery in many branches of engineering science.

Sir William Thompson, holding an incandescent lamp in his hand, truly

said in a lecture on electricity, "A thousand inventions had to be made
before this one was possible."

The members of the Civil Engineers' Club of Cleveland are all working

earnestly, each in his specialty, each striving to contribute his part to

the great sum total, which is the index of this most progressive age. In

these meetings, we compare notes, tell how victories are won, caution

each other on negative work, and thereby receive mutual benefit.
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WATER SUPPLY TEST BY THE USE OF PRESSURE GAUGES.

By Robt. J. Johnson, Member op the St. Paul Society op Civil
Engineers.

[Read February 4, 1889.1

It is sometimes a mooted question after a serious fire as to the ade-

quacy of the water supply and the efficiency of the fire engines, which

may require a test of the capacity of the water mains and a trial of the

fire steamers to settle.

I will endeavor in this paper to give a few details connected with mak-

ing such a test by using pressure gauges, and present a few practical

formulae suitable to use in performing the calculations.

The measurement of the flow in water mains by using pressure gauges

is certainly not an exact science. The lack of accuracy in pressure

gauges and the unknown quantities that enter into the question, such as

the roughness and incrustation of the interior surface of the pipes; the

untrueness to which they are cast, besides the difference in the formulae

of the various experimenters on the flow of water in pipes, render the

results only fair proximations; but, nevertheless, if the test is carefully

executed, the results will be essentially correct and fulfill all practical

requirements.

Let the case be, first : The determination of the total capacity of an

existing gravity system of water works within a stated district. Second;

The ordinary domestic consumption within the district. Third : The
efficiency of the system to supply a given number of fire steamers work-
ing at their full capacity. Fourth : The capacity of the steamers.

In order to obtain data for calculating the flow in the mains, a pair of

pressure gauges must be attached to each of the mains which feed or

draw from the district, the flow in the mains feeding and drawing from
the district being considered as acting constantly in the same direction,

there being, also, complete circulation in the pipes throughout the district.

The gauges should, if possible, be separated by as great a distance as

one thousand feet, but if there are reasons which prevent so much dis-

tance, they should at least be placed at the extreme limits of one block,

say from three to four hundred feet.

The larger the gauges used and the closer their graduation, the better

the results that may be obtained, owing to the inaccuracies of the

majority of saaall-sized ordinary pressure gauges, especially in

measuring small differences of pressure in pipes, where the velocity is

slight and the distance between the gauges is short. Fair results may
be obtained by using an ordinary steam gauge with a five-inch dial,

graduated to one pound (the intermediates to be estimated by the observ-

er). For refined work, however, the gauges should have a dial not less

than seven inches in diameter, and graduated as close as one-half pound.

All gauges that are to be used in the test should be first compared with

a standard gauge, and their variations noted to be applied as a correction

to the gauge readings taken during the test.

The gauges should be attached to the main by gas pipe of about one
half inch in diameter through the top of the main, the lower end of the
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pipe being brought exactly even with the inner wall of the main. Each
gauge should be provided with a stop-cock to quiet the vibrations of the

needle, and particular care should be exercised by the observer to reduce

the oscillations of the needle to as slow a movement as possible, in order

to be able to read the true pressure from the guages. The distance be-

tween the two gauges of each pair should be carefully measured and the

elevation of the centre of all gauges on the mains taken and referred to a

common datum.
The velocity of the flow in mains is measured by the loss in pressure

between the two gauges of each pair, and this loss in pressure also indicates

the direction of the flow. In order to be able to derive the actual loss in

pressure caused by the flow into and out of the district, service pipe3

must be shut off, and draughts of all kinds closed between the two gauges
of each pair during the progress of the test.

These preliminaries being completed the test for the volume of the

ordinary domestic consumption may be proceeded with by stationing an
observer at each gauge attached to the mains to record the pressure

reading. The gauges should be read simultaneously (by a signal from a

steam whistle, or other means), and in order to cover all inequalities of

the flow in the pipes the readings should be taken at regular intervals of

about five minutes.

The duration of this part of the test should be sufficient length to give

a fair average of the ordinary domestic consumption and the ordinary

volume of flow into and out of the district.

The formulae for the velocity of water flowing in pipe with a given

length and head (or in the case under consideration loss in head, which
is equivalent) are both numerous and elaborate, those of Darcy, Ponce-

let, Chezey, Fanning, Neville, Weisbach, Kutterand Eytelwein being in

most common vise and highest approved.

Without entering into the discussion of the merits of the various for-

mulae, the formula, of Eytelwein, which has the support of many well-

known hydraulic engineers, is here given :

A / dh
v = 5°VlTWd
v = velocity per second,

h = head,

Z = length,

d — diameter of pipe—all in feet.

Inasmuch as the experiments upon which this formula is based were

made with clean, smooth pipes, free from all obstructions to flow, and
laid to perfect alignment and grade, some modification of the co-efficient

of the formula may be necessary in practice, the amount depending upon
the conditions of the mains. Mr. Fanning gives a formula which is very

nearly the same as Eytelwein's, the co-efficient being :

50 for clean pipes,

44.31 for slightly rough pipes,

36.60 for very rough pipes.

The domestic consumption and the volume flowing out of the district

may be calculated by taking each pipe separately and taking an average

of the pressure readings of each gauge ; taking the difference between
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the mean pressure reading of the upper gauge and the mean pressure

reading of the lower gauge—correcting for the difference of level, reduc-

ing to feet-head—thereby deriving the loss in head between the two

gauges; use this quantity for h in the formula.

The mean velocity being found, the volume is equal to the velocity

multiplied by the area of the transverse section of the main. Summing
the volumes of the mains feeding the district, and likewise the volumes

of those drawing from the district, the difference is clearly the volume

of the water that has been taken from the mains within the district dur-

ing the period of the test ; i, e., the domestic consumption.

The maximum capacity of each main delivering water to the district

may b3 calculated by adopting the same formula for the velocity as be-

fore; take a mean of the corrected pressure readings of the gauge contigu-

ous to the district, on each main feeding the district, reduce to feet

head, and use this quantity for h in the formula, I being taken as the dis-

tance from the gauge to the entrance or mouth of the pipe. The volume

of the water which is derived by this process is the maximum capacity

of the mains above the ordinary domestic consumption and the ordinary

flow out of the district. It is plain, however, that this volume of water

will be delivered with an absence of pressure, the head being exhausted

in delivering the water to the district; therefore, in determining the

available capacity of the mains for fire service, the head under which

the water must be delivered to the district must be deducted from the

total head, as indicated by the mean pressure on the main.

The maximum head under which the water should be delivered to the

district for fire service should be sufficient in each main to force the

water into the valve chamber of a fire steamer coupled to the hydrant

of highest level in the district, some allowance also being made for the

contingency of excessive domestic consumption.

The formula, v — 50 A/- ——
-,

, is not strictly correct for calcu-V I + 50 cl
J

lating the maximum velocity in the mains, as it neglects the resistance

of entrance head and velocity head; but where the distance to the en-

trance of the pipe is over a thousand times the diameter of the pipe, the

entrance head and the velocity head will be so small that neglecting

them will not vitiate the result for practical purposes.

Previous to commencing the trial of the steamers, a pressure gauge
should be fitted to the nozzle of each line of hose that may be used dur-

ing the test, and also pressure gauges should be attached to all hydrants

that are to supply water to the steamers during the test. The nozzle

gauges should be fitted as near the end of the nozzle as practicable, in

order to eliminate as much as possible the frictional loss between the

gauge and the end of the nozzle, as the formula given for the efflux of

nozzles i3 based upon the pressure being taken as the orifice of discharge.

The steamers may now be connected with the hydrants and put into

action, observers being stationed at all of the pressure gauges attached

to the mains, hydrants, hose nozzles and steamers, the pressure readings

being taken in the same manner and intervals as before.

The trial of the steamers should be continued a sufficient length of

time to thoroughly try their powers, as well as the adequacy of the sup-
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ply of water being delivered to them, say, from, three to six hours. The
minimum pressure required under which the water must be delivered to

the steamers being zero, the hydrant gauges will indicate whether the
mains are standing the draught on them or not during the test, provid-
ing, however, that the steamer does not draw the hydrant dry and pro-

duce suction, thereby causiug the hydrant gauge to indicate a ficti-

tious water pressure, to detect which the study of the gauge readings on
the steamer, hydrants and nozzles will serve as an index. Noting the

positions of the pressures at the various stages after the steamer has been
put into action, in the event of suction occurring, the discrepancy be-

tween the steamer and the hydrant pressure, as compared with the nozzle

pressure before and after the suction, will be so marked that if suction

exists it can be easily discerned.

The ability of the steamer to exhaust the main, depends to some ex-

tent upon the length of hose from which they throw their streams, on
account of the large frictional resistance in hose, which causes a loss in

pressure of from 10 to 25 pounds to every hundred feet of hose for an
efficient fire stream (according to the kind and condition of the hose and
the pressure the stream is under). In view of this circumstance and
the fact that the length of hose that would be required in case of fire is

variable, it would seem proper to test the steamer with both a short and
a long length of hose, of which, by the short length of hose, the mains
would be most thoroughly tested and by the long length the weakness

of the steamer (should it exist) would be developed.

The quantity of water drawn from the mains by the steamers during

the test may be calculated in two ways (one checking the other). First,,

by the method pursued in computing the domestic consumption; and
second, by using the data obtained from the pressure gauges attached to

the hoze nozzles.

The quantity of water discharged from each line of hose having a ring

nozzle may be calculated by taking a mean of the pressure gauge read-

ing on the nozzle, reducing to feet head and using for h in Weisbach*s

formula for efflux from a circular orifice in a thin plate, which is :

Q = AC 8.025 j/~7T

Q = discharge in cubic feet per second.

C = coefficient of efflux = 0.615 (Weisbach).

A — area of orifice in square feet.

h — head in feet.

The quantity of water discharged from each line of hose having a

smooth-bore nozzle may be calculated by the formula given above for

the ring nozzle, using, however, Weisbach's mean value for the co effi-

cient of efflux for smooth nozzles, which is C = 0.97.

The foregoing is given as a mere outline : the execution of the test

being governed largely by local conditions and requirements, which may
demand other and more refined treatment than that indicated ; but for

practical purposes, dealing with a subject thai has so many points of in-

definiteness attached to it, the methods as given would appear to give

results as close as the case demands.
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BOSTON SOCIETY OF CIVIL ENGINEERS.

Mat 15, 1889:—A regular meeting was held at the Society's rooms, Boston &
Albany Railroad Station, Boston, at 19:30 o'clock, President FitzGerald in the

chair. Fifty-four Members and eight visitors present.

The record of the last meeting was read and approved.

Mr. Waldo E. Buck was elected a Member of the Society.

The following were proposed for membership: Ctiarles H. Bartlett, Manchester,

N. H., recommended by J. P. Soow and Louville Curtis; Frank E. Hall, Quincy,

Mass., recommended by Dexter Brackett and R. C. P. Coggeshall; Fred S. Hun-
ter, Boston, recommended by M. M. Tidd and S. E. Tinkham,and Hiram Nevons,

Cambridge, Mass., recommended by E. D. Leavitt and Dexter Brackett.

The President announced the membership of the Committee on Excursions: Ed-
ward W. Howe, Albert F. Noyes, George A. Kimball, Lawson B. Bidwell and C.

Frank Allen.

Mr. Tilden, for the Committee on Common Headquarters, presented and read a

very full report upon the practicability of occuping headquarters in common with

other scientific societies located in Boston. The report summarized the informa-

tion which has been collected as to the numbers and requirements of many of the

scientific associations of the city, and stated that there is a movement in progress

for the erection of a building on the Back Bay, which should accommodate various

organizations. If this project should not succeed, a more modest scheme for a
small number of the societies would be to adapt a dwe.ling-house to their require-

ments. The report was accepted, and on motion of Mr. AUen it was voted to con-

tinue the present committee, with the addition of a new member, to be selected by
the President. The President selected Mr. Eliot C. Clarke as the additional

member.
Mr. Alleu, for the Committee on Excursions, made a verbal report, calling at-

tention to the fact that there are, from time to time, works of engineering interest

in progress which could ba and would be visited privately by members of the

Society if the matter was properly called to their attention. Such works would

have in general only temporary interest and would not interfere in any way with

the regular excursions. As examples can be mentioned the erection of the roof

of the Armory Building lately put in place, and the work of lowering the heavy
granite columns of the Merchants' Exchange Building on State street. It was
suggested that the monthly notices of nnetings should include a list of " Works
of Interest in Progress." To make this of the most value it would be necessary to

have the co-operation of each member in informing the Secretary or the Com-
mittee of any such works in progress.

On motion of Mr. Manley, it was voted , that the Committee on Excursions be

authorized and requested to embody their verbal report in the notice of the next

regular meeting, and to commence the announcement of points to be visited at the

same time.
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Mr. John A. Gould. Jr., then read a paper describing the High Service System
of the Boston Water-Works, with particular reference to the new pumping plant

at Chestnut Hill and the new Fisher Hill reservoir.

The paper was discussed by Messrs. Brackett, FitzGerald, Rice and Stearns, and
Mr. Evans spoke briefly of the sliding of the paving of the Lowell reservoir, which
occurred in 1886.

Mr. Charles E. Haberstroh read a paper giving a description of experiments

recently made to determine the co-efficient of flow through the large gates used on
the Boston Water-Works.

[Adjourned.'] S. E. Tinkham, Sec'y.

ENGINEERS' CLUB OF ST. LOUIS.

May 1, 1889 :—307th Meeting.—The Club met at 8:10 p. m. in the Polytechnic

Building, thirty-three Members and four visitors present. Vice-President Nipher

in the chair. The minutes of the 306th meetiDg were read and approved. The
Executive Commitiee reported the doings of its meeting of same date, announcing

that Win. D. MacQuesten had been dropped fiom the rolls for delinquency; also

recommending C. H. Howard and Pope Yeatman for election to membership.

They were balloted for and elected. Applications for membership were an-

nounced from Taos. J. Long, Western representative of the Union Bridge Com-
pany, and O. H. Schramm, Kansas City representative of the fond Engineering

Company. The Secretary announced that Wm. J. McNulty had qualified.

The Librarian announced the receipt of Whipple's book on "Water Supply,"

and the report of the New York Aqueduct Commissioners on the Quaker Bridge

Dam.
Mr. S. B. Russell offered the following :

Whereas, The collection and exchange of data is a proper mission of the Club

;

Resolved, That the Executive Committee be instructed to compile a hook of local

data, to be presented for publication at the next annual meeting, the book to contain

such information in regard to the materials of engineering in use in St. Louis and
vicinity as can be collected, and other memoranda of a local nature, useful to

engineers. The committee to call on such members as it may select for assistance

in the compilation.

Mr. Holman amended this resolution, substituting a standing committee to be

appointed by the chair in place of the Executive Committee. The resolution as

amended was then adopted. The chair appointed on this committee S. B. Russell,

Robert Moore and John B. Johnson.

Prof. H. B. Gale then read a paper on a new theory of "Chimney Draft" and
the design of "Brick and Iron Stacks." The author had made numerous experi-

ments to determine the different factors which entered into the problem and gave

some formulas in shape for convenient use. The difference between brick and

iron stacks was discussed. He showed that while the area of a stack could not b

reduced below certain limits, it cculd be increased without affecting the efficiency

of the stack. Professor Johnson, Mr. Holman, Mr. Laird, Nils Johnson and Mr.

Bryan took part in the discussion.

The hour being late, it was ordered that Mr. Seddon's paper on "Experiments

on Settling Water" be deferred until the next meeting. After some informal

discussion of meeting places the Club adjourned.
W. H. Bryan, Secretary.

May 15, 1889:—S08th meeting.—The Club met at 8:10 p. m. in the Polytechnic

Building, President Meier in the chair, forty-three Members and six visitors

present. The minutes of the 307th meeting were read and approved. The Ex-

ecutive Committee reported the doings of its meeting of same date, recommend-

ing T. J. Long and O. H Schramm for election to membership. They were
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balloted for and elected. The Secretary announced that C. H. Howard and Pope

Yeatman had qualified as members.

President Meier read a memoir of the late Col. Henry C. Moore, an ex-presi-

dent of the Club. The paper covered the principal events in Colonel Moore's life

of interest to engineers. He had been a very busy man, and connected with some

of the most prominent railroads in the country.

Mr. J. A. Seddon read a paper describing experiments he had made concern-

ing the "Settling of Water " in the settling basins of the St. Louis Water-Works.

His paper was illustrated by numerous drawings. He also explained in detail the

manner in which his experiments had been worked up and the resulting conclu-

sions. It was ordered that the discussion of this paper be made the special order

for the next meeting.

Prof. J. B. Johnson presented a paper on trussing the Fagin Building against

wind pressure. The hour being late, the paper was not read, but the professor

gave a verbal outline illustrated by sketches on the blackboard. It was shown
that the principal danger was from wind pressure from the east. This had

reached 40,000 pounds on the exposed east face of the building, and this was sup-

posed to have throwa the building out of plumb. Professor Johnson described the

manner in which the building had been righted and the manner of trussing it per.

manently. The trussing had been calculated to withstand a wind pressure of 30

pounds per square foot, and was now considered even safer than ordinary build-

ings. Messrs. Holman, Moore and Ed. Flad took part in the discussion. It was
shown that very few architects took any account of wind pressure in designing

buildines. Col. Meier explained a somewhat similar case at the Armory building,

where it had been found necessary to put in trusses for the same purpose. Mr.

Holman spoke of pulsations o wind pressure which produced a cumulative effect,

as noticed on stand pipes and brick stacks.

Prof. F. E. Nipher made a verbal report on a recent, investigation into the per-

formance of an engine working at a fixed cut-off without governor. Measuring
the brake horse power, the pressure of the supply steam and speed, he finds that

the performance of the engine is represented by an hyperbolic paraboloid, in which
the lines of constant load and the lines of constant speed are rectilinear elements.

At any fixed pressure the relation between output and spaed is represented by a
parabola, the vertex of which represents a condition of maximum output.

The condition of maximum output at any pressure is, that the moment of the

force on the brake arm must be one-half that moment M' which will bring the

engine to rest, while the speed must be one-half that speed n' which the engine
would have if the load were entirely removed. The maximum output is then in

horse-power .jo-qqtjM'h/

Professor Nipher stated that he should proceed to determine whether mean
effective pressure might be substituted for pressure of supply steam. His present
opinion was that it could. In that case indicated horse-power could be repre-
sented as a function of the same co-ordinates, Pand n. The equation for indicated
horse-power is :

33.000

Where R is piston radius and I is stroke.

This is also an equation of the hyperbolic parabolic, the axes of which are in an
entirely different position from those of the surface of brake horse power. Both
surfaces contain the pressure axis. The difference between the two horse-power
ordinates will give the real engine friction for any load and speed.

It follows from these equations that the work consumed in the friction of an
engine is constant for all loads, if the speed is constant.

It was discussed by Messrs. Holman, Gale, and Ed. Flad.
[Adjourned.] Wm, H. Bryan, Secretary.
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May 29, 1889:—309lh Meeting.—The Club metat 8:10 p. m. at the Elks' Club,

President Meier in the chair, 19 Members and 5 visitors present. The minutes of

the 308th meeting were read and approved . The Executive Committee reported

the doings of its meeting of same date. The Secretary announced the receipt of

some valuable contributions to the library. He also read a report from the Chair-

man of the Association of Engineering Societies to the effect that the ballot on the

proposed first amendment to the articles of association had resulted as follows:

For, 8 ; against, ; not voting, 3.

On motion of Mr. Seddon, the action of the Board of Managers was ratified by
this Club, Messrs. Moore and Holman discussing the matter briefly. The Secre-

tary read a communication from the St. Louis Public Library on the subject of

memberships and permanent meeting place. This question was discussed at some

length by Messrs. Johosou, Holman, Seddon, Gale, Moore, Bryan and Boutou.

The matter was finally left in the hands of the Executive Committee, with the

understanding that a letter ballot would be taken.

Mr. P. M. Bruner read a paper on a new system of " Fire-proof Flooring." He
explained the requirements of the modern fire-proof building, and showed the ob.

jections to some of the most prominent systems in use. A number of tests had

been made on the new flooring with excellent results. It had been used in the

State capital at Jefferson City, and was now being applied in some St. Louis

buildings. He also gave detailed particulars regarding manufacture, erection,

durability and cost. Professor Johnson, Colonel Meier and Mr. Moore took part

in the discussion.

The special order of the day was then taken up, being a discussion of Mr. Seddon's

paper on " Settling Water." Professor Johnson presented a written discussion

based on his recollection of the paper as read. He criticised at some length some

of the methods employed and the results secured, and also gave credit for certain

data, which the paper contained, and which, in his opinion, were of great value.

He thought the disturbing effect due to the energy imparted to the water on enter-

ing the basin, and also the effect of the wind, were greatly underestimated. The

professor also explained what he considered to be the advantages of the plan of con-

tinuous settling and of covering reservoirs. Mr. Holman explained the experi-

ments on this subject made by Colonel Flad several years ago, which had resulted

in unfavorable conclusions. The principal difficulty with St. Louis water was due

to the fact that the reservoirs could not be cleaned as often as necessary; and,

furthermore, they were required to do about double the work which they were

originally intended for. Mr. Holman also gave some particulars of the different

kinds of sediment contained in the water at different seasons of the year. The

sediment coming from the Mississippi and Missouri rivers were very different.

He stated that the Missouri River water was always more impure than the Missis-

sippi. Colonel Meier, Robert Moore, Professor Gale and Messrs. Seddon and Fer-

guson also took part in the discussion, after which the meeting adjourned.

Wm. H. Bryan, Secretary.

CIVIL ENGINEERS' CLUB OF CLEVELAND.

May 14, 1889:—President W. R. Warner in the chair; 21 Members present.

Minutes of last meeting read by the Secretary and approved.

Messrs. A. Mordecai and Thos. West were appointed by the chair to distribute

ballots and act as tellers in election of members.

The following were elected to active membership: Messrs. J. B. Yates, P. S. A.

Bickel, J. E. Pettee, R. Gurley, A. P. Ruggles, F. E. Gribben.

A paper received by Mr. W. P. Rice, from Civil Engineers of the State of

Ohio, addressed to the General Assembly, was read by the president, petitioning

for legislation upon the qualifications of county surveyors.
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Copies of a paper sent by the Civil Engineers1 Club of Chicago were distributed

to Members ; also a new list of officers and members of the Civil Engineers' Club

of Cleveland.

As there was no further business, the President, Mr. "W . R. Warner, read his

address. At the conclusion of the address Mr. Warner stated that he had at-

tended a meeting of the Philosophical Society in Washington on Saturday even-

ing, and had specially noticed that four papers were mentioned on the programme,

the time of each being limited. One was to occupy five minutes, one fifteen, an-

other thirty-five, and the fourth a few minutes. He thought the Civil Engineers

Club of Cleveland might be benefited by a similar arrangement. The reading of

several short papers need not interfere with the special paper for the evening.

Many of the members were habitually silent—perhaps they had not time to pre-

pare long papers, but much interest might be the result of several short papers, if

each contained a single telling item. Mr. Warner said that a pleasing feature of

the Washington meeting was that he had been invited by no less than six different

members who had met him on the street and pulled the programme out of their

pockets. The interest this evinced might beneficially be imitated.

Prof. Morley considered the suggestion to have several short papers a valuable

one, and hoped it might prevail. He thought that many of the members could

profitably take up the time of the club for five minutes. For instance, he could

make a brief report of progress in regard to Light Wave Measurements, while he

would not desire to read a lengthv paper on a subject that had already been

brought before the club. No doubt other members would be glad to make short

reports of progress in their departments.

Mr. W. H. Searles said that he highly approved of the suggestion. The club

was composed of many men of many minds and many pursuits—it contained not

less than six classes of engineers, and the specialty of one class did not particularly

interest the others. If all were civil engineers, they could listen to one paper of

considerable length, but under the circumstances it would be better to have sev-

eral papers on diverse subjects. Mr. Searles thought that the members as a rule

examined the announcement for the evening, and if the paper mentioned did not

specially interest them they decided to defer their attendance. If several items

on several different topics could be presented, a much larger attendance might be

hoped for, and all would be stimulated to a wider range of thought. This need
not exclude the special paper of the evening.

Mr. Warner said that though it was true that men might be more interested in

what came within the line of their daily work, yet it was of great benefit to meet
others who were not in the same rut, whose modes of thought were different.

Looking back over several years of the club he could remember many papers on
subjects wholly apart from his line of work that he had beard with the keenest

interest. Of course the responsibility for the programme rested with the various

committees. The programme for the next meeting would be under the charge of

the committee on Applied Science.

Mr. James Ritchie then read a paper on the Erection of Iron Bridges on the

Cleveland & Mahoning Valley Railway, which was followed by discussion. The
Club then adjourned. James Ritchie, Secretary.

MINNEAPOLIS SOCIETY OF CIVIL ENGINEERS.

Mat 8, 1889:—Regular meeting in City Hall, Minneapolis. Meeting called to

order with Vice President Sublette in the chair. Minutes of previous meeting
read and approved. Letter of resignation from E. T. Abbott read and accepted.

Regular literary programme of the evening consisted of a paper on the Panama
Canal, by W. W. Redfield, and proved an unusually interesting one. It is to ap-
pear in the Journal by vote of the Society.
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The Secretary was instructed to see Wru. De Le Berre about the publication of

his paper en compression of bran.

F. W. Cappelen instructed to spend the needed amount to prepare some con-

crete specimens for the Society. A promising programme was partly arranged

for next meeting by Mr. Cappelen to form a part of the exercises at the formal

opening of the north sidepumpiLg station.

[Adjourned.] W. R. Hoag, Secretary.

ENGINEERS' CLUB OF KANSAS CITY.

May 6, 1889 :—A regular meeting was held in the Club Room at 8 p. m., Vice-

President "W". H. Breithaupt in the Chair, Kenneth Allen, Secretary. There were

present 7 Members and 2 visitors.

Minutes of the last regular meeting of the Executive Committee were read and
approved.

On canvass of ballots, Robert A. Crawford was declared elected as Associate

Member.
Mr. Sonne presented a final report for the Committee on Transfer of Members

as follows:

April 26.

The President and Members of the Engineers' Club of Kansas City :

Dear Sirs : Your Committee on consideration of the question of transfer of mem- •

bership begs to report as follows :

That inasmuch as engineers from the nature of their profession are often under the
necessity of changing their place of residence from one part of the country to an-
other, some arrangement for a transfer of membership between local societies is. in
your Committee's opinion, eminently desirable.

A practical arrangement to this end could probably best be effected by having the
Board of Managers of the Association of Engineering Societies, as now existing,
thoroughly discuss the question and decide on some definite scheme, giving in full a
modus operandi for transfer, which scheme should then be adopted, and embodied
in its constitution and by-laws, by each of the societies in the Association wishing to
join the movement. Initiation should also be extended to local engineers' societies
of acknowledged standing not in the present Association to join in this transfer of
membership arrangement.
Your Committee would recommend that your representative on the Board of Man-

agers of the Association of Engineering Societies be requested to bring this question
before the said Board for consideration at first opportunity, and would suggest the
following as items in the scheme for transfer :

(1.) Only members of any class, in full standing, with all dues paid up, shall be en-
titled to transfer privileges.

Any such member wishing to transfer shall be given a letter or certificate by the
President', or Vice-President, and Secretary of his Club, stating his class of member-
ship, date of admission and general engineering standing as shown in his application
for membership and subsequent record.
For such certificate a fixed moderate fee, say of $1.00, shall be charged.
(2.) On presentation of his certificate to the Club to which he wishes to transfer,

and payment of difference in dues, both initiation and current, if greater in the new
Club, the transferee shall at once be entitled in the new Club to all privileges except
that of voting. He shall not be entitled to any rebate if dues in the new Club are
smaller than in the one from which he comes.

(3.) After a stated period, say of six months, the transferee shall be voted on, in the
new Club, for regular membership in his class, without, however, being required to
put in a formal application. If then rejected, any moneys he may have paid to the
new Club shall be refunded to him.

(4.) If at any time an engineer wishes to return to a club to which he previously
belonged, after transferring to another as above set forth, he shall, on so returning,
at once be fully reinstated as Member in the class to which he belonged.

Respectfully submitted, O. F. Sonne,
Arthur J. Mason,
W. H. Breithaupt.

On motion of Mr. O. F. Sonne it was voted that a copy of the report be handed

to our representative on the Board of Managers, with the request to lay it before

the Board.

The following resolutions to submit an amendment to the Constitution provid-
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ing for a SecDnd Vice-President to ballot were presented by the Executive Com,
mittee and adopted.

Whereas, At the last meeting of the Executive Committee of the Engineers' Club,
the propriety and advisability of creating the office of Second Vice-President was
duly considered and discussed ; and,
Whereas, It was the unanimous opinion of the Executive Committee present that

such a move would be to the interest and welfare of the Clnb ; ho i

;

Resolved, 1st. That the office of Second Vice-President he crea ; j L
2d. That the present incumbent of the office of Vice-Presidenc be known as First

Vice-President.
3d. That whenever the wording of the Constitution and By-laws refers to and men-

tions the name of Vice-President, the words be changed to First Vice-President
and Second Vice-President.

1th. That the Club proceed at once to the election of a Second Vice-President in
harmony with the By-laws prescribing how and where officers or an officer shall be
elected.

It was proposed to change the dates of regular meetings, but no action was-

taken.

On recommendation of the Executive Committee a Standing Committee on

Cements aDd Mortars was appointed by the Chair, consisting of Messrs. D. Bonte-

cou, W. D. Jenkins and E. Saxton.

On motion of Mr. Sonne the Chair appointed a committee, consisting of

Messrs. Sonne, F. C. Gunn and Mason, to make arrangements for the annual

summer excursion.

A paper on the "Foundations for the Liimfjord Bridge" was read by Mr. O. F.

Sonne.

"The bridge was built in 1871-78 across the Liimfjord, near Aalborg, for the
Danish State Railways; it has four spans of 206-226 feet and two draw spans of 88
feet each. The piers were sunk by the pneumatic process through soft and tenacious
mud, one of them to 59 feet, the six others to 111' '55-113' '5 below m. w. ; they were
built with iron caissons, the masonry of hard burned brick laid in Portland cement,
the upper part protected by granite ; they were lowered from scaffolds and kept sus-
pended, during the sinking, each by four rods or chains hooked around the cutting
edge. Through a combination of circumstances one of the piers was overturned
and it located on the centre line of the bridge ; a new pier was lowered and had to be
carried through the old one. The work was done under contract by the French firm
Compagnie de Fives-Lille."

A. G. Glasgow was proposed as Member by F. C. Gunn, W. H. Breithaupt and
Kenneth Allen.
[Adjourned] Kenneth Allen, Secretary.

May 20, 1889 :—An adjourned meeting was held in the Club Room, at 8 p. m.,

J. A. L. Waddell in the chair, Kenneth Allen, Secretary. There were present nine

Members and four visitors. Minutes of the last regular meeting were read and
approved. As a quorum was not present at the meeting of the Executive Com-
mittee called May 13, the ballots were not canvassed.

A sample of binder for the Journal was shown, but it was decided not to order
them for the Club as a whole, but that individual members might supply them-
selves.

A paper on "The Inspection of Iron Bridges" was read by Henry Goldmark.
He referred to the lead taken by our Club in highway bridge reform, but con-
siders the safety of railroad spans of even greater importance. Even though the
earlier long-span bridges are quite satisfactory, he considered a large proportion
of the shorter spans on railroad lines as far from perfect.

The experience of the New York and Massachusetts Railroad Commissioners
was referred to as corroborating this opinion . The author further pointed out
the reasons and the remedy for this unfortunate state of affairs. The trouble, in

his opinion, lies mainly in the fact that bridge designers, as a rule, see little or
nothing of their work when it is in use. The remedy pointed out is a systematic

inspection of all railroad bridges by specialists.

The paper was discussed by Messrs. Waddell, Stern, Filley and Farnsworth.
[Adjourned.] Kenneth Allen, Secretary.
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MONTANA SOCIETY OF CIVIL ENGINEERS.

April 20, 1889:—The regular monthly meeting was held at the office or Mr.

Beckler, First Vice-President, who, in the absence of the President, occupied the

chair.

There were present Messrs. Haven, Robinson, Sizer, Foss, Kelley, Danse, F. J.

Smith, Ellison, Keerl, aud Chief Justice Blake as visitor.

The Committee on " Library and Permanent Quarters" submitted the following

report

:

To the Montana Society of Civil Engineers :

Your Committee on "Library and Permanent Quarters" would respectfully report
that they have considered the advisability of incurring the expense of a suitable
room for the use of the Society, and that they believe that under the existing con-
ditions it would be a greater expense than we are at present warranted in under-
taking.
Mr. Beckler offers us the use of his offices for all meetings, and will cheerfully

allow the Society to place a portable book-case in his main office, where it will be
readily accessible to members at all times.
Your Committee would recommend that the Society purchase a book-case adequate

to its probable needs for the ensuing two years, and avail itself of Mr. Beckler's
offer.

Your Committee would further recommend that a committee of four, consisting of
one each of the representatives of the following branches of 'he Society, viz. : One
civil engineer, one mining engineer, one mechanical engineer and one architect be
appointed to expend from the existing funds of the Society a sum not exceeding $60
for the purchase of suitable books for its library, and that the members of the Society
be invited to contribute any books or technical periodicals which they may desire to
give for its benefit.

Respectfully submitted,
John Herron, "\

John Gillie,
Jos. H. Harper, ^-Committee.
J. H. Ellison,
G. O. Foss, ;

The report was received and placed under discussion.

A vote of thanks was tendered Mr. Beckler for the kind proffer of the use of his

offices for all meetings, and the offer was accepted.

The Secretary stated that he feared the treasury balance would not fully war-

rant the purchase of a suitable book case without being augmented through special

assessment: that President Greene had kindly loaned him the use of a book

case and chest of drawers for the Society's use, which would save this additional

outlay for the present. Mr. Kelley moved that purchase of book case, as recom-

mended in committee's report, be delayed until such time as the needs may more

fully appear. Carried.

That portion of the committee's report relating to the appointment of a com-

mittee of four io expend $60 for the purchase of suitable books for the library was

approved, and the chair requested to name such committee at his convenience *

The Librarian reported that the Transactions of the American Society of

Civil Engineers, contributed to the library by President Greene, embraced the

years 1884 and 1885 complete, and that as the Society owned the volume for 1888

he would move that the Committee on Library, when named, be instructed to

obtain the volumes for 1886 and 1887. Carried.

Mr. Keerl, the representative in the Board of Managers of the Association of

Engineering Societies, read a communication of April 5, 1889, from Mr. Benezette

Williams, Chairman of the Board, relative to an amendment to the Articles of

Association, submitted by the Engineers' Club, of St. Louis, looking to '" broaden-

ing the work of the Association and to a closer union of the Societies through the

agency of ths Associat'on." He reported having voted in favor of the proposed

amendment, which action was approved.

* In compliance with the motion which was carried at the meeting of April 20, the

chair has appointed the following members as the " Committee on Library:" Geo. K.
Reeder, Frank A. Ross, Geo H. Robinson, L. O. Danse.—J. S. Keerl, Secretary.
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A telegram was read from Mr. A. B. Knight, of Butte, announcing his inability

to be present to read his paper upon the "Law of the Apex," but promised an

appearance at the next meeting.

Mr. L. O. Danse stated that while he had been unable to prepare the paper as

assigned upon " The Construction of Modern Fireproof Buildings," he would give

the meeting a talk upon the subject. He reviewed in detail the history of the

efforts made to secure fireproof buildings, and stated the best practice as now
recognized, sketching upon the blackboard the details of the various construc-

tions as described. Discussion was had at the various stages of the lecture, and

at its conclusion a vote of thanks was tendered Mr. Danse for the exceedingly in-

structive and entertaining manner in which ha had presented this interesting sub-

ject, accompanied with the request that he would place his remarks in writing

for publication.

Mr. Frank L. Sizer and others called the attention of the Society to the law

passed by the last legislature relative to boiler inspection, pointing out several de-

fects in the same, and suggested that the matter be brought up for discussion at

the next meeting. The gentlemen were requested to address the Society upon the

subject in a communication embodying their views that the matter could properly

come before the Society for discussion.

The hour being late, the paper announced to have been read from Col. J. T.

Dodge, upon " Ancient Roman Masonry," was placed upon the list for next meet-

ing.

[Adjourned.,] J. S. Keerl, Secretary.

May 18, 1889 :—The regular monthly meeting was held at 8 p. M. at the offices

of Mr. Beckler, Chief Engineer Montana Central Ry.

General B. H. Greene, President of the Society, presided. There were present

Messrs. Haven, de Lacy, Beckler, Herron, Kelley, Foss, Danse, Wheeler, Sizer,

Keerl and the following visitors: Hon. H. N. Blake, Chief Justice; Mr. Foster, of

Butte; C. F. Pearis, and Wm. T. McFarland.

The inquiry was made whether any other than a written application for mem-
bership would be received. The chair ruled that no application would be per-

missible under the by-laws other than a written one embodying the information

therein cited.

A communication was read from Mr. Geo. H. Robinson calling attention to the

merits and demerits of the various provisions of a law recently enacted by the

Montana legislature, for the regulation and management of steam boilers and
steam engines, and creating the office of territorial boiler inspector and specifying

the duties of such inspector. The communication reviewed the law very fully, sec-

tion by section, and upon coming to Section 5 it recites: "which, among other

things, provides for a hydrostatic test which shall exceed the working pressure al-

lowed in the ratio of 100 to 75 or 25 per cent. It is quite probable that the

framers of this law did not know that this practice was now obsolete and consid-

ered by the best authorities as injurious to the boilers that have been in actual

use under steam pressure, and in some cases actually dangerous, as it is not

a test of the working strength of the metal, for if the cold water test should

permanently set any portion of the metal or strain it beyond its elastic limit, it

leaves it in a very dangerous condition for future use with positively no
means of detecting the damage done. Again, as the metal is cold, there is not a
single member (in a steam boiler that has been in actual use) that has the same
dimensions when cold as when heated up to its normal working temperature

—

about 325 degrees—consequently the strains along the riveted seams are all shear-

ing, there being little if any frictional resistance or abrasion between the lapping

sheets of metal along the riveted joints. As a rule, any boiler will leak under cold

water pressure that is perfectly tight under steam pressure. The United States

inspection of steam boilers provides, I believe, that static pressure is to be applied
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only after the gauge shows 12 pounds pressure of steam. Would it not be just as

reasonable for railroad bridge engineers to test their constructions under a radical

difference of temperature and conditions of members that they would never in

practice be called upon to resist, as for us to apply these radical differences in

testing our steam boilers and creating strains that in actual practice the structure

can never be called upon to withstand ?

" Hydrostatic pressure is a valuable assistant before the boiler leaves the con-

struction shops to ascertain if it is water tight, but should never be used cold for

any other purpose, unless, indeed, it is sometimes used for testing boilers to rup-

ture.

" The hammer test, with inside and outside inspection of the general condition,

is the only method, I believe, recognized at the present time by boiler insurance

companies as giving reliable data as to their condition and safety, assuming, of

course, that the boiler has been properly constructed of suitable material."

Exception is taken to Section 8 in placing a horse-power qualification upon the

abilities of persons operating steam machinery and boilers. The master mechanic,

although he has entire charge of all machinery, etc., would appear not to come
under the provisions of this act, which makes the oiler or runner the important

man.
The communication was discussed by Messrs. Kelley, Danse and Keerl, and on

motion was referred to a committee of five, to report at the regular meeting in

July. The chair named as such committee Messrs. Robinson, Danse, Kelle5r
.

Keerl and Beckler.

Mr. Beckler read a paper by Col. J. T. Dodge upon "Ancient Roman Masonry,"

being a recital of the colonel's observations during a recent stay in Rome, and for-

warded by him for presentation to the Society. The paper recited the details of

construction of those grand old monuments to architectural and engineering

skill—the Coliseum and Pantheon. The paper proved to be an exceedingly inter-

esting one, and was the basis for an extended discusssion upon masonry in general.

A vote of thanks was tendered Colonel Dodge for his entertaining paper, and Mr.

Beckler was requested to convey the same, and to request of the colonel further

papers upon engineering subjects of interest that he might encounter during his

stay in Europe.

Mr. Keerl called the attention of the Society to several amendments in the bill

prepared by the Society relating to town and village sites and plats, which were

made in the Legislature, particularly to the clause providing that all plats should

be approved by the board of county commissioners before filing. Owing to the

long intervals between the meetings of the board, the proprietors of platted prop-

erty were unable to file their plats and place it on the market as soon as they de-

sired, and the Society was being blamed for introducing so unreasonable a provi-

sion in the bill, whereas the objectionable clause was an amendment inserted in

the bill in the Legislature.

[Adjourned.] J S. Keerl, Secretary.
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DUTY TRIALS OF PUMPING ENGINES—A PLEA FOR A STAND-
ARD METHOD OF CONDUCTING THEM.

By George H. Barrtts, Member of the Boston Society of Civil En-
gineers.

[Read January 16, 1889.]

(1.) There is no class of steam engines whose economy is tested so fre-

quent as that form of steam pumping engine which is used for supplying

water works. Nearly every engine of this kind which is built goes into the

hands of the purchasers with the builders' guarantee that it shall do its

work in accordance with a certain specified duty. Every engine thus

guaranteed is generally made the subject of a duty test before the builder

receives the full payment of his bill. The test is conducted either by a

representative of the builder or by the civil engineer under whose direc-

tion the water works have been constructed, or by the superintendent of

the pumping station or by his engineer, or, in rare instances, by an ex-

pert or a board of experts appointed by the purchaser of the engine or

by a board representing both parties. When the contract between the
builder and the purchaser has been framed with a suitable degree of

foresight, which rarely happens, the method of conducting and working
out the result of the test is laid down as a part of the contract, and the

person conducting the test has simply to follow the terms which it spec-

In the majority of cases the purchaser knows so little about the

:t of duty trials that he cannot, on his part, exercise much fore-

jiit in the framing of the contract, and the matter of the stipulations

as to the duty test are left to the builder. The builder's interest is to ex-

press the guarantee in such general language that, in case of dispute as

to the result, he may be secure from failure. It follows that in most
duty trials the person who conducts the test is neither governed nor
hampered by distinct specifications of the contract, and he may employ
any method which suits his individual whim or judgment. There is no
standard method which has been established by any common consent,

and the few cases which may be used as precedents are not applicable to

the individual requirements of special engines.

It is not surprising, under these circumstances, that a great variety of
practice exists as to dutv tests, and this variety covers the whole
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field, beginning with the definition of the term " duty," which
determines what are the main quantities which it is the object of the test

to ascertain, and ending with the manner of making the observations by
which the necessary data are obtained. An examination of various

pumping engine contracts, and the reports of tests made under them,
will show a state of affairs something like the following : One person

holds that the term " duty" means the number of pounds of water ele-

vated one font by 100 pounds of coal, the water being actually measured.
Another holds that it is the number of pounds of water elevated one foot,

plus the quantity of work which is equivalent to the friction of the force

main, using the same unit of 100 pounds of coal. Another holds that

it is the quantity of water, as determined by plunger displacement,

elevated one foot, either with or without allowance for

friction of force main, the basis being 100 pounds of coal.

Still another claims that it is the number of foot-pounds

of work done as measured by the indicator diagram taken from the

pump end of the engine, on the 100 pounds basis ; and others adopt vari-

ous allowances in the matter of slip or loss of action and friction of suc-

tion pipe and pump valves ; while still others base the duty on the quan-

tity of combustible instead of the quantity of coal consumed. One class

of tests is based on the stipulation of 100 pounds of coal, assuming that

the coal gives a certain evaporative performance, in which case the duty

is practically reduced to the work done by a given quantity of steam.

Sometimes this quantity is expressed as water pumped into the boiler by

the feed pump, irrespective of the quality of the steam into which it is

generated, and without taking into account the water of condensation

returned independently from the jackets of the engine or from other

sources. Sometimes it is expressed as " water from and at 212 degrees,"

in which case the temperature of the feed water enters the problem.

Sometimes the quantity of steam on which the duty is based is that of

dry steam or of steam containing not over a stipulated percentage of

moisture, and sometimes it is the steam used by the steam cylinders of

the pumping engine, apart from that used by any of the accessories of

the engine, such as jackets, air pump of condenser, feed pump of jacket

water and main feed pipe of boiler.

It may be held, by one unfamiliar with the construction of pumping
engines and the manner of conducting duty tests, or by one who is con-

versant only with the general subject of steam engineering, that the vari-

ations in the results of duty tests which creep in on account of the various

practices here indicated, are not sufficiently large to make the subject

one of mush consequence to any but specialists. The only thing needed

to show that the matter thus viewed, instead of being of little conse-

quence, is one of the highest importance, is a full knowledge of the ex-

tent to which these differences of practice affect the results. The fric-

tion of a force main of suitable size and of average length often increases

the work required to be done in pumping fhe water as much as 10 per

cent. The difference between the quantity of water delivered and that

measured by plunger displacement is frequently 5 per cent. The per-

centage of ash in coal never falls below 5 per cent., and sometimes is as

high as 15 per cent., or even 20 per cent. The percentage of moisture in
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steam is often as much as 8 per cent., and in some instances a much
greater quantity. The quantity of steam condensed in the jackets is

generally 5 per cent , and sometimes 10 per cent, of the whole quantity

used by the plant. The steam used by the donkey feed pump under the

most favorable circumstances amounts to from 3 to 5 per cent, of that used

by the main engine. When an independent air pump is employed the

consumption of steam is increased some 10 per cent, by the use of this

apparatus. The difference iu economy produced by an evaporation from

and at 212 degrees and the observed evaporation when the feed water is

not heated above 100 degrees is not less than 15 per cent.

A wide range of results may thus be secured in a given trial according

to the meaning which is applied to the term "duty," and the method
employed in making the calculations. In a case of dispute of which the

writer has knowledge, a variation in the number of foot-pounds of work
done by 100 pounds of coal amounting to the excessive figure of 56,000,000

foot-pounds occurred between the method pursued by a responsible

builder and that pursued by the purchaser, though based on the eam3
contract. Here is an illustration showing that the conflict of opinion

which may arise on account of the manner of conducting and figuring

a duty trial, is one which may assume grave proportions.

2. The essential object of a pumping engine test is to determine the

engine's economy, and the economy according to the popular idea is

measured by the amount of duty realized. The term "duty," however,

with its elastic meaning, furnishes no guide whatever as to the real

economy, seeing that the duty of the same engine computed from the

same data by different individuals may vary over a wide range. In view
of this fact it is manifest that some standard method of expressing the

economy of pumping engines and of determining the data and computing
the result should be determined upon and followed. Such a standard

will tend to secure five objects.

First. It will enable one engine to be compared with another and its

relative economy shown. This object is the one which has the widest
application.

Second. It will aid the builder, who will learn how his machine com-
pares with some competing type.

Third. It will aid the purchaser, who usually has no technical knowl-
edge of such matters, for by its means he may obtain the true economy
of different engines, irrespective of the unwarranted claims of those who
have engines for sale.

Fourth. It will aid the engineer, who, from his study of the economy
of different types of engines, has an interest in obtaining data which will

enable him to make improvements in the design, construction and
arrangement of an engine which is inefficient.

Fifth. An authoritative standard having been established, it will be
sufficient for the purposes of the contract between the builder and the
purchaser, to stipulate that the engine shall realize the economy guaran-
teed simply ''in accordance with the method of conducting duty trials

determined upon by" the authority named. No misunderstanding can
then arise. Many, if not all, sources of dispute will be removed when
the stipulations of a contract are based upon a utandard method. If th
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contract is not thus based and there is any doubt in the mind of the

person conducting the test or any dispute between him and the builder,

the matter can be more easily settled when there is a standard metnod
to which reference can be made, as an accepted authority, than it can be
without such a method.

3. The standard method of conducting duty trials should be framed in

such a manner as to be applicable to every pumping engine, or at least

to a large majority of such engines. Unless this end can be reached, the

standard will fail to realize one of its essential objects, that is, it will

not serve to put the economic results obtained by different engines on
the same basis for comparison. Id order that this may be done, it is ap-

parent, first, that the results must be referred to some fixed unit. From
what has already been said, it seems that quite as much confusion arises

from the variable nature of the unit upon which the results are based, as

from the want of uniformity in the manner of determining the results.

The unit " 100 pounds of coal" is exceedingly variable. la the eastern

states, it may be Cumberland coal, which evaporates 12 p mnds of water

from and at 212 degrees per pound of combustible, or anthracite coal,

which evaporates not more than 11 pounds. In the middle of the west-

ern states, it may be Pittsburgh, Indiana or Ohio coal, neither of which
yields so high an evaporation as the lower figures named. In a given

locality, too, there is much variation from time to time in the quality and

evaporative value of coal of the same class. The unit " 100 pounds of

coal assuming an evaporation of 10 pounds of water per pound of coal" is

also variable, according as the temperature of the feed water and pres-

sure of the steam are taken into account, and according as allowances

are made for moisture in the steam and for steam used by the jackets,

feed pump and other accessories.

The common practice in the general lines of steam engineering is in

the direction of discarding the coal measure of economy altogether, and

expressing the performance of an engine in terms of the quantity of

steam consumed. The reason for this practice is the well-known fact al-

ready noted, that the quantity of coal burned depends to some extent

upon the evaporative value of the coal and tbe efficiency of the boiler,

independent of the economy of the engine itself. A given engine may
consume, for example, 2.5 pounds of coal per horse power per hour when
supplied with steam from one boiler, and only 2.0 pounds when supplied

from another which is more economical. It would be absurd to hold

that the economy of the engine was 25 per cent, greater in one case

than in the other. The economy would be equal because of the equality

in the amounts of steam consumed. The engine is quite independent of

the boiler, except in rare instances, so far as questions of economy are

concerned, and nothing is gained by treating them as one and express-

ing the economy in terms of the coal measure.

The same considerations which make'the coal unit unfit for a basis of

economy for engines in general prevent it from being applied to steam

pumping engines. It matters little whether the mechanism of the en-

gine operates machinery for pumping water or for doing other kinds of

work. It is in all cases a steam engine and the principles which are

followed in order to secure economy are the same in one place as in

another.
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The desirability of employing some other unit than " 100 pounds of

coal" in measuring the duty of a pumping engine is recognized in cases,

which are of frequent occurrence, where the contract provides that the

boiler shall evaporate a certain amount of water per pound of c >al. In

reality, the unit in those cases is a certain number of pounds of eteam

used by the engine. The steam unit is free from the objection urged

against the coal measure. It is much better adapted for the purposes in

view than the coal unit, since it is the steam which enters the cylinder and
does the work, and not the coal. For some purposes and in some cases

the steam un't furnishes a perfectly satisfactory measure of the per-

formance of an engine. For others it does not. Suppose we compare
two pumping engines, one of which is a single cylinder condensing

engine and the other a compound condensing engine, and both

are provided with the independent form of air pump which ex-

hausts into the atmosphere. Suppose also the same boiler pres-

sure is carried in both. The relative duty and econoi' v of

these two engines would be expressed near enough for all M i.iary

work if computed on the basis of the number of foot pound.-* • work
doDe by say 1,000 pounds of dry steam. Suppose, now, that steam is

supplied by boilers which give the same evaporative efficiency, and sup-

pose a feed-water heater is added to the plant of one, arranged so as to

utilize the heat wasted by the discharge of the exhaust steam from the

independent air pump. This change will, according to reliable experi-

ments, enable the water to be supplied at a temperature of 200 degrees,

where before its temperature was?, say, 100 degrees, and it wiU reduce

the quantity of coal required to make a given quantity of steam, in the

boiler referred to, about 10 per cent. There is no change in the relative

quantity of steam u-ed by the two engines, and the duty figured upon
the unit of 1,000 pounds of dry steam remains the same in both cases. If

the comparison of the two engines, under the changed conditions, is now
made, the fact cannot be ignored that something must be done with the

10 per cent, saving of coal which one engine has realized, and no one

who takes into account the financial aspect of the question will fail to

disregard the bearing which this has upon the results. A similar illus-

tration may be given in the case of two engines, one a condensing engine

and one a non-condensing engine, fitted with a heater. In these ex-

amples resort must be had either to the coal unit of measurement or to

some measurement which allows for the heat returned with the feed

water. The steam unit is thus limited in its application, and, like the

coal unit, must be considered unfit for the purposes of a standard.

We may readily find a unit, which is satisfactory for all purposes and
conditions, if we remember that a pumping engine is a heat engine, and
that heat is the agent which we really have to supply in order to operate

the engine. The quantity of heat used by the engine is independent of

the kind of coal or of the efficiency with which steam is generated in the

boiler. It varies, however, with the quantity of eteam consumed, in-

creasing when that is increased and becoming less when that is reduced;

and it varies with the quantity of heat returned to the boiler, being

reduced when that quantity is increased and being increased when that

quantity is diminished. It takes account also of the variations of heat
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due to different boiler pressures. These applications cover the whole
field, and the heat measure of economy may be considered the only true

basis upon which to express the performance of a pumping eugine.

The use of a certain quantity of heat as a unit upon which to calculate

the duty of a pumping engine does not involve a radical departure from
the nominal unit of 100 pounds of coal, which is in common use. The unit

may be selected so as to correspond to the heat produced by the combus-

tion of 100 pounds of coal, where the coal is of good quality and the condi-

tions are favorable; and if this be done the results will not depart from
the general ideas which have been formed as to the number of foot

pounds of work which 100 pounds of coal can be expected to give. If we
assume an evaporation of 11.25 pounds of water from and at 212 degrees

per pound of coal (which is a good performance for a boiler using Cum-
berland bituminous coal), the quantity of heat which one pound of coal

supplies is 11. 2i by 966 equals 10,867.5 B. T, U. This quantity is a little

in excess of the round figure of 10,000. The present umt of 100 lbs. of

coal, supposing the coal to be of a fair grade, may be represented

then in round numbers by 1,000,000 thermal units of heat. Reduced to

exact figures, this quantity of heat is the same as that supplied by
100 pounds of coal, assuming an evaporation of 10,352 pounds of water

from and at 212 degrees per pound of coal. This evaporation of

10 853 pounds cm be obtained by the best grade of anthracite coal and
by almost any grade of Cumberland bituminous coal, though it is some-

what beyond the range of most of the bituminous coals of the western

states. Considering, therefore, that 1,000,000 thermal units of heat used by

a pumping engine may be employed for a unit upon which to calculate

the duty, without materially changing the result from that obtained if

calculated upon the basis of 100 pounds of good coal, and considering,

farther, that this unit takes into account the quantity of steam used by
the engine, and that portion of the rejected heat of the engine which is

utilized in warming the feed water, there are reasons of the strongest

character for adopting this unit for the purposes of a standard method
of conducting duty trials. This view of the matter is supported by the

opinion and latest practice of the experts of Europe, whose reports of

tests base the performance of steam engines, not solely upon the feed

water consumption, but upon the number of thermal units of heat con-

sumed.

4. Starting with a thermal unit basis of computing duty, it is apparent

that one of the principal elements in the computation is the quantity of

heat supplied to the engine. To determine this quantity, the dryness

of the steam must be known. Allowance will therefore be made at the

outset for any moisture or superheat which the steam contains, and this

matter is at once settled.

As to other allowances, there seems to be no good reason why the

steam used by any of the accessory parts of the engine, that is, for the

donkey feed pump, the steam jackets, the independent air pumps, and
any other apparatus which is necessary to the operation of the engine,

should be deducted from that used by the plant as a whole. It is true

that an engine which is constructed and operated in accordance with the

inost approved principles and which in itself is economical, may appea
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quite the reverse if no allowance for this steam is made. The accessory-

apparatus may cause waste which will offset all the economy due to the

excellence of the main part of the engine. Some may say, therefore,

that unless allovvance is made for the steam used by the accessory ap-

paratus, confusion may arise as to the economy of the engine itself. It

is to be observed, however, that the accessory apparatus is a necessary

part of the equipment of the engine, and that it should be constructed in

a manner to secure economy the same as the engine itself. Besides, it

uses heat which must be furnished from the source of supply, and the

supply of this heat is a necessary element of cost in the running of the

engine. No reasonable objection to computing the duty from the heat

used by the whole plant can be urged, when the data of the test are

taken with such completeness, that the quantity of steam used by the

engine proper and by each accessory part of the plant is determined

separately, so as to furnish incidental knowledge of the economy of

each.

The standard basis of 1,000,000 thermal units is to be applied then, not

only to the heat consumed by the engine proper but to that consumed by

all accessory parts of the engine, such as steam-pumps (including donkey-

pumps), and jackets and all apparatus necessary to the operation of the

engine. Furthermore, the computation is to be made upon the whole

heac thus consumed, not only in cases where a contractor furnishes both

the boiler and engine, but in cases also where he furnishes simply 'the

engine. No change is to be made in the method pursued because the

donkey-pump (assuming this to be a steam-pump) may be considered as

an accessory to the boiler. The heat supplied to the donkey-pump is to

be included in all cases in the total quantity, but the contractor may
specify, if he desires, the kind of feeding apparatus which shall be used,

provided he does not supply it as a part of the engine.

5. Having determined upon an appropriate unit upon which to base

the computation of " duty," we may now consider what shall be

embodied in the expression for quantity of work dene. This, too, must
apply, so far as may be, to every case. The work consists of two factors,

the number of pounds of water pumped, and the number of feet in

elevation to which the water is raised. The determination of the first

named factor is the only one which involves any difficulty. There are

two methods which may be employed. One, the use of either the

standpipe or the reservoir for the purpose of a measuring tank, the

other the use of a weir. The first is the simpler method, but it is not

altogether satisfactory. It has the serious objection that it requires the

shutting off of the supply of water to the service main while the test

is going on. and for such additional time as is necessary to deter-

mine the allowance for leakage from the standpipe or reser-

voir. The use of the standpipe for this purpose is objection-

able, because the comparatively small quantity which can be

measured at one filling makes the determination an approximate one.

On the other hand, where the water is measured in the reservoir, which
is usually of large area, a large quantity must be pumped to make an ac-

curate test, but this is out of the question, owing to the limited number
of hours during which it is feasible to have the water shut off. These
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must both be regarded as rough rueaus of measurement, and hardly adapted
to the object in view. The second method, viz., that of weir measure-
ment, can be employed to advantage only in cases where the reservoir

system of water-works is used. This system is not uncommon, but it is

by no means universal, and this method becomes objectionable because
of limited application. It has the further objection that the construction

of a suitable weir involves a large additional expense to the cost of the

apparatus, and to the cost of making the test as well, and that the ob-

servers who have the measurements in charge must be specially trained to

this class of work. The difficulties which thus surround the determina-

tion of the quantity of water actually discharged, are such that it appears

impracticable to use any form of direct measurement for a standard.

The only means by which the water can be measured which is of ready

application is the indirect but simple method in common use, furnished

by computing the plunger displacement and using the pump itself as a
meter. This method has the merit of universal application, and the ob-

jections which maybe raised against it are of less weight than those per-

taining to the methods thus far considered. Owing to leakage of

plunger and valves, imperfect action of the valves and incomplete filling

due to the presence of air mingled with the water, these three quantities

constituting what is termed " slip," the actual discharge from the pump
is less than the calculated discharge based on this method of measm-e-

ment. Two pumps might give the same plunger displacements, but,

owing to variations in the losses noted, quite different quantities of water

actually discharged. It is important to the purchaser of the pump, if to

no one else, that the duty trial should take into account these losses.

The purchaser's interest centres in the quantity of water pumped, and
not in the number of volumes swept over by the plunger, and this inter-

est cannot be ignored. So far as known, there is no means of correcting

for the various Josses noted, which possesses scientific accuracy, but it is

believed that for the practical object in view in fixing a standard, cor-

rections may be applied which will, in a reasonable manner, answer the

requirements of modern pumping engines as now manufactured in the

United States.

The fact of the presence or absence of leakage by the piston or plunger

can be ascertained by blocking the engine, removing the cylinder head,

and subjecting the plunger to the full water pressure, thus allowing the

leakage to appear to view. If a sufficient amount of leakage is found

to make a correction advisable, the water which leaks may be collected

and measured, and the correction applied accordingly.

It may be held that leakage of the plunger at rest may take place at a

different rate from leakage in motion, and, therefore, the results of the

trial may be misleading. It may be urged also that, owing to a differ-

ence of pressure when the pump is at rest, the results will be changed

from what they would be under the working conditions of pressure.

These objections to the proposed trial are worthy of consideration, but

it must be remembered that the object of the trial is not to mak9a scien-

tific determination of the amount of leakage, but rather to determine

its approximate rate and apply a correction which may, in some meas-

ure at least, protect the purchaser's interest.
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There should be no leakage of valves, unless some are defective. Being

constructed of rubber, there is reason to expect that they will be practi-

cally tight when seated. Both the suction valves and the discharge

valves can readily be tested, the former by observing whether they will

hold water, and the latter by observing whether water passes through

them into either end of the cylinder when they are under pressure. When
leakage is fouDd, the defective valves should be replaced by others in

good condition before the duty trial is made.

There is no method known whereby the loss due to the return of the

water through the valves at the end of the stroke, while the plunger is

reversing and the valves are seating, or ''loss of action" as it may be

called, can readily be measured, and no data exist on this subject by

means of which its quantity can be computed. If allowance for this loss

is made it will therefore be mere guess work. Considering that modern
pump valves generally have a small lift, it would seem that the loss from
this cause ought to be small at best, and if it varies in different pumps r

as no doubt it does, the variation would also be small and perhaps unim-

portant. With this view of the matter, no large error can be made in a

comparison of different engines (which is the main thing in view) by dis-

regarding loss of action by the valves altogether.

The effect which incomplete filling due to the introduction of air has

upon the quantity of water discharged, if it is worth noticing at all,

may be shown by the form of the indicator diagram taken from the

pump cylinder. A rectangular diagram is sufficient indication of the

absence of air. A diagram in which the attainment of the full pressure

is delayed until some time after the beginning of the stroke, indicates

the presence of air. When this condition of things is found, the cor-

rection to apply is the proportion of the displacement which has been

covered at the point where the fuil pressure is attained, determined by
measurement from the diagram.

In view of these considerations, it seems that the best standard for

the quantity of water pumped is that determined from plunger displace-

ment, corrected for leakage of the plunger, and for loss from the

introduction of air into the pump, should it be found that these losses

exist. It is presumed that the pump is operated with every by-pass or

concection between the suction and force mains closed, so that no water
once pumped can thus pass back into the suction main.

It is quite generally recognized that in computing the quantity of work
done, no allowance should be made for friction of the water in passing

through the passages and valves in the pump, while, on the contrary,

allowance should be made for the friction of the force and suction mains,

The ground taken for this practice is the fact that the efficiency of the

engine should not be made dependent upon any condition foreign to

itself. The builder of the engine should not be held responsible for the

size, arrangement, length or condition of the pipes which lead the water
to the pump and conduct it away. His responsibility should begin at

the point where the water enters the pump and end where the water
leaves the pump ; and consequently he should bear simply the lost work
due to friction of the water passing through. The purchaser should
guard his interest in the matter by providing pipes of such capacity an
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arrangement as to reduce tbeir friction to a minimum, and he should

give special attention to cases where pipes are furnished as a part of the

contract for the engine.

This practice as to allowance for friction appears to be the proper one
for the purposes of a standard method. To carry it into effect, the data

to be determined are the indication of a pressure gauge attached to the

force main, that of a vacuum gauge attached to the suction main (or

pressure gauge if the inlet is under a head) and the vertical distance be-

tween the centres of the two gauges.

We have now, for the standard mode of expressing the amount of work
done, the weight of water computed from plunger displacement corrected

for leakage and the presence of air as pointed out, elevated to a height

corresponding to the pressure shown by a gauge attached to the force

main plus the head corresponding to the vacuum shown by a gauge at-

tached to the suction main (or minus this head if the gauge shows press-

ure instead of vacuum) plus the vertical distance between the centres of

two gauges, no allowance being made for friction of the water passing

through the passages and valves in the pump.
6. In accordance with the views of the subject thus laid down the

duty of all engines would be expressed by the following formula:

.,-. , Ft. lbs. work done , ... „„„Duty ==- — -r- X 1,000,000
The units ot heat consumed
[CVwN—L] X[H+ s + h] 1,000,000 .

in which—
The units of heat consumed

V = Volume of piston displacement, one stroke, cubic feet.

w — Weight of one cubic foot of water.

N — Number of strokes during trial,

H = Head in feet corresponding to indication of pressure gauge on
force main.

h = Head in feet corresponding to indication of vacuum gauge on

suction main.

[This is a minus quantity where there is a head of water on the suction

main and pressure gauge is used. J

s = Vertical distance in feet between the centres of two gauges.

L = Total leakage of plungers during trial estimated from results of

leakage test with pump at rest.

C = Correction for air admitted into the pump = proportion of the

stroke during which the pump is subjected to the full discharge pressure,

measured from the indicator diagram.

Thr. units of heat consumed = weight of water supplied to boiler by

main feed pump X total heat of steam of boiler pressure above tempera-

ture of main feed water, plus weight of water supplied by jacket pump
X total heat of steam of boiler pressure above temperature of jacket

water, plus weight of any other water supplied X total heat above its

temperature of supply. The total heat of the steam is corrected for the

moisture or superheat which the steam may contain. For moisture, the

correction is subtracted, and is found by multiplying the latent heat of

the steam by the percentage of moisture, and dividing the product by 100.

For superheat, the correction is added, and is found by multiplying the

number of degrees by superheating (i. e. the excess of the temperature of
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the steam above the normal temperature of saturated steam) by 0.48. No
allowance is made for heat added to the feed water, which is derived

from any source, except the engine or some accessory of the engine.

JB>at added to the water by the use of a flue heater at the boiler is not to

be deducted. Should heat be abstracted from the flue by means of a re-

heater connected with the intermediate receiver of the engine, this heat

must be included in the total quantity supplied by the boiler.

The following examples are given to illustrate the method of computa-
tion. The figures are not obtained from tests actually made, but they

correspond in round numbers with thore which were so obtained.

First Case.—Jacketed compound fly-wheel engine. Jacket water re-

turned to boiler by gravity. Jet condenser, with air pump, operated by
main engine. Feed pump driven by main engine supplied with water

from hot well, which receives drip from intermediate receiver. No
heaters.

1. Boiler pressure by gauge 100 Lbs.
2. Capacity of pump displacement one stroke (V) 12.5 cubic feet.
3. Number of strokes during trial (V) 140,000
4. Pressure by gauge on force main 80 lbs.
5. Vacuum by gauge on suction main 4.8 in.
6. Vertical distance between gauges (s) 10 ft.

7. Temperature of water in pump well 60 deg.
8. Leakage of pump determined by trial at rest (L) 546,000 lbs.
9. Kind of pump diagram Rectangular (or C = unity)

10. Weight of water supplied by feed pump 188,000 lbs.
11. " '• from jackets 9,000
12. Temperature of main feed water 100 deg.
13. " jacket water 290 '*

14. Percentage of moisture in steam 2.5 per cent.

Additional Data Based on the Above.

15. Weight of one cubic foot of water at 60 deg. ( w) 62 . 4 lbs.

(80 X 144)
16. Head corresponding to pressure in force main = H 184.6 ft.

62.4
17. Head corresponding to vacuum in suction main (4.8 X 1.13) = h 5.4 ft.

18. Total heat of one pound of dry steam at 100 lbs. gauge pres-
sure reckoned from deg. Fahr 1,216.5 th. un.

19. Total heat of one pound of steam at 100 lbs. gauge pressure
containing 2.5 percent, moisture 1,194.6 "

20. Total heat of one pound of steam at 100 lbs. gauge pressure
containing 2^ per cent, of moisture reckoned from temper-
ature of main feed water (100 deg. F.) 1,094.6 "

21. Total heat of one pound of steam at 100 lbs. gauge pressure
containing 2)4 per cent, of moisture reckoned from temper-
ature of jacket water (290 deg. F.) 902.2 "

22. Heat consumed by engine 188,000 X 1,094.6 + 9,000 X 902.2 =
213,904,600

Applying these quantities in accordance with the duty formula, we
have

Duty =
[ N V w £1 H h s

1,(140,000 x 12.5 X 63.4) — 546,000J X (184.6 + 5.4 + 10) X 1,000,000 .

213,904,600.

= 21,730,800^000 X 1,000,000 = 101 ,593)268 ft . lbs .

21o,y04,o00.

Second Case.—Jacketed Compound Direct Acting Duplex Engine. Jet
Condenser. Independpnt Air Pump, which exhausts through a heater

Feed water supplied by an independent donkey pump, which exhaust-
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through the heater. Jacket water returned to boiler without passing

through heater.

1. Boiler pressure by gauge 120. lbs.

2. Capacity of pump displacement one stroke (V) 3.75 cubic feet.
3. Number of strokes during trial (N) 76,000.
4. Pressure by gauge on force main 100. lbs.

5. Vacuum by gauge on suction main 9.3 in.

6. Vertical distance between gauges (s) 8. feet.

7. Temperature of water in pump well 80. degrees.
8. Leakage of pump determined by trial at rest (L) 354,510. lbs.

9. Kind of pump diagram Rectangular (or C = unity)
10. Weight of water supplied by feed punm 56,000. lbs.

11. " " " >f " jackets 6,400. lbs.

12. Temperature of main feed water 215. degrees.
13. " " jacket water 280. degrees.
14. Percentage of moisture in steam 3. per cent..

Additional data based on the above.

15. Weight of one cub. ft. of water at 80 deg (w) 62.2 lbs.

(100 X 144)
16. Head corresponding to pressure in force main = (H) 231.5 ft.

62.2
17. Head corresponding to vacuum in suction main (9.3 X 1.13) =

(h) 10.5 ft.

18. Total heat of one pound of dry steam at 120 lbs. gauge pressure
reckoned from deg. Fah 1,220.2 th. un.

19. Total heat of one pound of steam at 120 lbs. gauge pressure
containing 3 per cent, of moisture 1,194.2 th. un.

20. Total heat of one pound of steam at 120 lbs. gauge pressure
containing 3 per cent, of moisture reckoned from temperature
of main feed water (215 deg. F.) 978.3 th. un.

21. Total beat of one pound of steam at 120 lbs. gauge pressure
containing 3 per cent, of moisture reckoned from temperature
jacket water (280 deg. F.) 912.2 th. un.

22. Heat consumed by engine 56,000 X 978.3 + 6,400 X 912.2 - 60,622,880th. un.

Applying these quantities to the formula, we have:

_ [(76.000 X 3.75 X 62 2) — 354,540] X (231.5 -f 8 -f- 10.5) X 1,000.000
U y ~

60,622,880

4.343,115,000 X 1,000.000 „. „, . „
= ~ M^M = 71

'
641

'
374 ft -lbs "

Third Case.—Jacketed Fly-wheel Compound Engine. Intermediate

receiver fitted with reheater supplied with lime steam. Main steam

pipe provided with separator. Water drained from jackets, reheater,

and separator into a closed tank under boiler pressure, frcm which the

water is supplied to the boiler by a small steam pump. Jet condenser, fitted

with independent air pump, which exhausts through a heater to the

atmosphere. Main supply of feed water drawn from hot well and fed to

boiler by Injector, discharging through the heater. The main feed

water and the auxiliary supply enter the same feed pipe just before its

connection to the boiler. The auxiliary pump exhausts through the heater.

Number of plunders, 2; diameter of each plunger, 19 inches; length

of each stroke, 36 inches ; diameter of each piston rod, Si inches.

1. Boiler pressure by gauge 120 lbs.

2. Capacity of pump displacement, one stroke each plunger
= area 19 -1-2 area 3 1-2 x 3 (r) 5.806 cub. ft..

144
3. Number of strokes of one plunger during trial (N) 280,000
4. Pressure by gauge on force main 80 lbs.

5. Vacuum on gauge by return main 4.8 in.

6. Vertical distance between centres of gauges (s) 10 ft.

7. Temperature of water in^pump well 60 deg.
8. Leakage of plunger determined by trial at rest {L) 546,000 lbs.

9. Correction for admission of air into the pump (C) .95

10. Weight of water supplied by main feed pump 188,000 lbs.
11. Weight of water supplied by auxiliary pump from the jacket,

reheater and separator tank 12,000 lbs.
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12. Weight of water discharged from jackets 7,000 lbs.

13. " " " reheater 2,000 "

U. " " " separator 3,000 "

15. Temperature of water supplied from hot well to injector 110 deg.

16. Temperature of water discharged from injector and entering
heater 180 "

17. Temperature of feed water leaving heater 215

18. " jacker water previous to entrance to tank— 290 '

19. " reheater " " — 300 "
20. " separator " — 340

21. Percentage of moisture in the steam leaving separator accord-
ing to calorimeter test 0.5 per cent.

22. Weight of one cubic foot of water at 60 degrees (10) 62.4 lbs.

23. Head corresponding to pressure in force main = {H). 184.6 ft.

62.4

24. Head corresponding to vacuum in suction main, 4.8 X 1.13 =
(h) 5.4 ft.

25. Total heat of one pound dry steam at 120 pounds gauge, pres-
sure reckoned from deg. Fahr 1,220.2 th. un.

26. Total heat of one pound of steam at 120 lbs. gauge pressure,
containing 0.5 per cent, of moisture = 1220.2 — [.005 X 867.5

(latent heat) ] 1,215.9

27. Total heat of one pound of steam at 120 lbs. gauge pressure,
containing 0.5 per cent, of moisture, reckoned from tempera-
ture of main feed water, corrected for heat derived from in-

jector = 1215.9 — [110 + (215.9 — 180.6) ] = 1215.9 — 145.3 1,070.6

28. Total heat of one pound of steam at 120 lbs. gauge pressure,
containing 0.5 per cent, of moisture reckoned from tempera-
ture of jacket water (290 deg. ) = 1215.9 — 292 923.9

29. Total heat of one pound of steam at 120 lbs. gauge pressure,
containing 0.5 per cent, of moisture reckoned from tempera-
ture of reheater water (300) deg. = 1215.9 — 302.1 913.8

30. Heat lost by cooling of one pound of the separator water from
its temperature in the boiler (349.9 deg.) to its temperature of
discharge to tank (340 deg.) = 352.6 - 312.7 9.9

31. Heat consumed by engine = (188,000 X 1070.6) + (7,000 X 923.9)

+ (2,000 X 913.8) + (3,000 X 9.9) 209,597,400 th. un.

Applying these quantities in accordance with the duty formula, we
have:

Duty =
I" C V w N H h s 1
|_(-95 X 5.806 X 62 4 X 280.000) X (184.6 + 5.4 + 10) J X 1,000,000 =

209,597,400.

19,274,062,080 X 1,000,000 _ Q1 QW KAA
209,597,400.

_ ~~ " ai
'
y5/

'
a44 '

7. The adoption of the method thus pointed out for expressing the

duty of the engine doe3 not stand in the way of suitable treatment of the

boiler. This may be guaranteed independently. It may furnish, say,

1,000,000 th. un. of heat to the engine with a consumption of a stipu-

lated number of pounds of a given kind of coal. The same end may be

reached by guaranteeing the evaporation of a certain number of pounds
of water from and at 212 degrees per pound of the coal named, but the

form of expression first noted is preferable, since the duty of the engine

referred to the heretofore recognized unit of 100 pounds of coal, can then

be readily determined by dividing the duty for 1,000,000 th. un. by the

number of pounds of coal required, and multiplying the result by 100.

There could thus be two guarantees in case the contractor furnished the

whole plant, one applying to the engine and one to the boiler.

The adoption of the proposed method of displacement measure of the

quantity of water pumped does not stand in the way of actual measure-
ment by a weir or by otber means where opportunity presents itself for

such work. No objection can be raised to a contract which requires a
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weir test to be made, lor the more this class of data is obtained, the bet-

ter; but this test can be regarded as furnishing supplementary data, the

main results being referred 10 ihe standard of displacement measure.

8. To cover the foregoing requirements in the framing of a contract,

the guarantee as to tbe performance of a complete plant may be ex-

pressed in the following terms: "The engine shall perform a duty equiv-

alent to not less than (A) foot-pounds of work for each one million

thermic units of heat consumed, and the difference between the actual

delivery by weir measurement and that calculated from plunger displace-

ment shall not exceed (B) per cent. Furthermore, the boiler shall sup-

ply 1,000,000 th. un. of heat to the engine on a consumption of (C) pounds

of (O) coal. The duty trial is to be conducted and the results computed

in accordance with the standard method of conducting duty trials, de-

termined upon by (the authority named),"' If one contractor furnishes

the engine and another the boiler, separate guarantees will be made,

the individual requirements being the same as in the case of the complete

plant.

9. It may be urged against the adoption of a thermal unit standard for

expressing tbe duty of pumping engines that it will add complication to

the process of making the test, and be objectionable on this account. A
little examination will show that this objection has no weight, and the

extra labor and complication is so small that there is but slight ground

for raising it. The thermal unit method will undoubtedly make the test

more complicated than the simple determination of the weight of coal

turned and number of foot pounds of work done. So does the determi-

nation of the duty on the basis of the weight of steam used, and the

extra labor which this kind of test involves is already expended in many
cases. When the steam basis is used, the weight of the main supply of feed

water and that of every auxiliary supply is required. No more weights

than these are needed on the thermal unit test, so that in respect to weigh-

ing the two methods are alike. The ccrnplications that the thermal unit

method introduces are those due to the taking of the temperatures of

each supply of feed water. But it should te remembered that these tem-

peratures are required when the steam unit is from and at 212 degrees,

and furthermore the temperatures are always taken when the full data

regarding the performance of the engine, as frequently occurs, are deter-

mined. Some complication arises on account of the necessity of taking

some feed-water temperatures at a different time from that of taking the

weights, such as that of the main supply when drawn from the hot well

of the condenser. It is not often practicable to weigh the hot well

water, and the test of the quantity of feed water consumed must be

made with cold water from the service main. The test of the feed water

consumption and the evaporative efficiency of the boiler would naturally

be made on one occasion, and the working temperature of the various

sources of feed-water supply would be made the subject of independent

trial. It is thus seen that the thermal unit method has no complications

that stand in the way of its ready adoption.

10. Having now determined upon the units of measurement and the char-

acter of tbe result which is sought, we may now proceed to formulate a

standard method of conducting the test and obtaining the data.
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STANDARD METHOD OF CONDUCTING DUTY TRIALS.

1. It is presumed at the outset that the engine is in thorough order in

every part, having been in operation a sufficient length of time since its

erection to secure easy and proper working. If this has not been done,

and especially if the plunger has been recently packed, or its packing

newly readjusted, the engine is worked for a run of at least 12 hours con-

tinuous service in preparation for the test.

2. The plant is subjected to a preliminary run under the conditions de-

termined upon for the test, for a period of at least 3 hours, so as to find

the temperature of the feed water (or the several temperatures, if there

is more than one supply), for use in the calculation of the duty. During

this run the observations are made every 15 minutes and the results

averaged.

When the feed water is all supplied by one feeding instrument, the

temperature to be found is that of the water in the feed pipe near the

point where it enters the boiler. If the water is fed by an injector, this

temperature is to be corrected for the heat added to the water by the

injector, and for this purpose the temperatures of the water entering and
of that leaving the injector are observed. If the water does not pass

through a heater on its way to the boiler (that is, that form of heater

which depends upon the rejected heat of the engine, such as that con-

tained in the exhaust steam either of the main cylinders or of the aux-

iliary pumps), it is sufficient for practical purposes to take the tempera-

ture of the water at the source of supply, whether the feeding instru-

ment is a pump or an injector.

"When there are two independent sources of feed water supply, one
the main supply from the hot well or from some other source, and the

other as auxiliary supply derived from the water condensed in the

jackets of the main engiae and in the live steam reheater, if one be used,

as often occurs, they are to be treated independently. The remarks
already made apply to the first or main supply. The temperature of the

auxiliary supply (if carried according to usual practice by an independ-

ent pipe either direct to the boiler or to the main feed pipe near the

boiler), is to be taken at convenient points in the independent pipe.

When a separator is used in the main steam pipe arranged so as to

discharge the entrained water back into the boiler by gravity no account
need be made of the water thus returned. Should it discharge either

into the atmosphere to waste, or into the hot well, or into the jacket

tank, its temperature is to be determined at the point where the water
leaves the separator before its pressure is reduced.

When a separator is used and it drains by gravity into the jacket tank,
this tank being subjected to boiler pressure, the temperatures of the
separator water and jacket water are each to be taken before their en-
trance to the tank.

Should there be any other independent supply of water, the tempera-
ture of that is also to be taken on this preliminary test.

3. The engine is now stopped for a time in order, first, to connect up
the measuring apparatus for determining the weight of the feed water
consumed, or of the various supplies of water if there are more than
one; and, second, to test the leakage of the plungers.
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In order that the main supply of feed water may be measured, it will

generally be found desirable to draw it from the cold water service main.

When this is done the best form of apparatus for weighing the water
consists of two tanks, one of which rests upon a platform scale supported

by staging, while the other is placed underneath. The water is drawn
from the service main into the upper tank, where it is weighed, and
then it is emptied into the lower tank. The lower tank serves as a reser-

voir, and to this the suction pipe of the feeding apparatus is connected.

The jacket water may be measured by using a pair of small barrels,

one being filled while the other is being weighed and emptied. This

water, after being measured, may be thrown away, the loss being made
up by the main feed pump. To insure no evaporation from the water

and consequent loss on account of its highly heated condition, each barrel

should be partially filled with cold water previous to using it for collect-

ing the jacket water, and the weight of this water treated as tare.

Where the jacket water drains back by gravity to the boiler, waste of

live steam during the weighing should be prevented by providing a small

vertical chamber and causing the water to collect in this receptacle be-

fore its escape. A glass water gauge is attached so as to show the height

of water inside the chamber, and this serves as a guide in regulating the

discharge valve. The chamber may be made of piping in the manner
shown in the appended sketch.

When the jacket water is returned to the boiler by means
of a pump the discbarge valve should be throttled during

r™S the test, so that the pump may work against its usual press-

ure, that is, the boiler pressure, as nearly as may be, a gauge
being attached to the discharge pipe for this purpose.

When a separator is used and the entrained water dis-

charges either to waste, or to the hot well, or to the jacket

tank, the weight of this water is to be determined, the water

being drawn into barrels in the manner pointed out for

measuring the jacket water. Except in the case where the

separator discharges into the jacket tank, the entrained

water thus found is treated, in the calculations, in the same
manner as moisture shown by calorimeter test. When it

discharges into the jacket tank, its weight is simply sub-
A- tracted from the total weight of water fed and allowance

made for heat of this water lost by radiation between separator and tank.

When the jackets are drained by a trap, and the condensed water goes

either to waste or to the hot well, the determination of the quantity used

is not necessary to the main object of the duty trial, because the main
feed pump in such cases supplies all the feed water. For the reasons

•which are noted in paragraph 4, however, it is desirable that this water

be measured, whatever the use to which it is applied.

Should live steam be used for reheating the steam in the intermediate

xeceiver, it is desirable to separate this from the jacket steam, if it drain

into the same tank, and measure it separately. This, likewise, is not

essential to the main object of the duty trial, though useful for purposes

>of information.

The remarks as to the manner of preventing losses of live steam and of
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evaporation, in the measurement of jacket water, apply to the measure

rnent of any other hot water under pressure which may be used for feed

water.

Should there be any other independent suoply of water to the boiler

besides those named, its quantity is to be determined independently,

apparatus for all these measurements being set up during the interval

between the preliminary run and the main trial, when the plant is idle.

The quantify of water which leaks by the plungers is most satisfac-

torily determined by removing the cylinder heads. A wide board or

plank is temporarily bolted to the lower part of the end of the cylinder

so as to hold back the water, in the manner of a dam, and an opening is

made in the temporary head thus provided for the reception of an over-

flow pipe. Tbe plunger is blocked at some intermediate point in the

stroke (or if this position is not practicable at the end of the stroke) and

the water from the force is admitted at full pressure behind it. The
leakage escapes through the overflow pipe and it is collected in barrels

and measured. The test need not continue over fifteen minutes, or if

carefully made, a less time, the desired object being to get a satisfactory

determination of simply the rate of leakage. If no means exists for put-

ting the back side of the plunger under water pressure, a suitable pipe

can readdy be provided for this purpose. Should the escape of the water

into the engine room be objectionable, a spout may be constructed to

carry it out of the building. Where the leakage is too great to be readily

measured in barrels, or where other objections arise, resort may be had

to weir or orifice measurement, the weir or orifice taking the place of the

oveiflow pipe in the temporary wooden head. The apparatus may be

constructed in a somewhat rude manner and be sufficiently accurate for

practical requirements.

In the case of a pump from which it is difficult to remove the cylinder

head, it may be desirable to take the leakage from one of the openings

which are provided for the inspection of the suction valves, the head be-

ing allowed to remain in place. If the test is made without removing the

head, leakage of the discharge valves may be confounded with leakage

of the plunger. Examination for such leakage should be made first of

all, and if it occurs and it is found to be due to disordered valves, it should

be remedied before making the plunger test. The discharge valves on
the back end of the pump should likewise be examined, as also the suction

valves on both ends, and the disordered valves removed. Leakage of the

discharge valves will be shown by water passing down into the empty
cylinder at either end when they are under pressure. Leakage of the

suction valves will be shown by the disappearance of water which covers

them.

The leakage test being completed, no change is allowed in the adjust-

ment of the packing of the plunger (supposing this to be of a form capable
of adjustment), the head is immediately replaced and preparations made
for at once beginning the main duty trial.

4. The duty trial is here assumed to apply to a complete plant, em-
bracing a test of the performance of the boiler as well as that of the en-
gine. The test of the two will go on simultaneously after both are started,

although the boiler test will begin a short time previous to the com-
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mencement of the engine test and after the engine test is finished. The
mode of procedure is as follows :

While the preparations are being made to start the engine, after the
completion of the leakage trial, steam is raised in the boiler to the work-
ing pressure. The fire is then hauled, the furnace and ash pit cleaned,

and the .est of the boiler is commenced. This test is made in accordance
with the rules for a standard method recommended by the Committee
on Boiler Tests of the American Society of Mechanical Engineers. This

method, briefly described, consists in starting the test with a new fire

lighted with wood, the boiler being previously heated to its normal
working degree; operating the boiler in accordance with the conditions

determined upon:: weighing coal, ashes and feed water; observing the

draught, temperatures of feed water and escaping ^ases. and such other

data as may be incidentally desired; determining the quantity of moisture

in the coal and in the steam; and at the close of the test hauling the

fire and deducting from the weight of coal fired whatever unburned
coal is contained in the refuse withdrawn from the furnace, the quantity

of water in the boiler and the steam pressure being the same as at the

time of lighting the fire at the beginning of the test. Previous to the

close of the test the fire is burned down to a low point, so that the un-

burned coal withdrawn is in nearly a consumed state. The temperature

of the feed water is observed at the point where the water leaves the

engine heater, if this be used, or at the point where it enters the flue

heater, if this apparatus is employed. In either case whore an injector

is used for supplying the water, a deduction is to be made for the in-

creased temperature of the water due to this method of feeding.

As soon after the beginning of the boiler test as practicable, the en-

gine is started and preparations are made for the beginning of the

engine test. The formal commencement of this test is delayed till the

plant is in normal working condition, which should be not over one hour

after the time of lighting the fire. When the time for commencement
arrives, the feed water is momentarily shut off, and the water in the

lower tank is brought to a mark. Observations are then made of the

number of tanks of water thus far supplied, the height of water in the

gauge glass and the indication of the counter on the engine, after which

the supply of feed water is started and the regular observations of the

test commenced. The test is to continue at least 10 hours. At its expi-

ration the feed pump is again momentarily stopped, care having been

taken to have the water slightly higher than at the start, and the water

in the low* r tank is brought to the mark. When the water in the gauge

glass has settled to the point which it occupied at the beginning, the

time of day and the indication of the counter observed, together with

the number of tanks of water thus far supplied, and the engine test is

held to be finished. The engine continues to run after this time till the

fire reaches a condition for hauling and completing the boiler test. It

is then stopped and the fin^l observations relating to the boiler test are

taken.

The observations to be made and data obtained for the purposes of the

engine test embrace the weight of feed water supplied by the main feed-

ing apparatus, that of the water drained from the jackets and any other
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water which is ordinarily supplied to the boiler, determined in the man-
ner already pointed out. They also embrace the number of hour? dura-

tion and number of strokes of the pump during the test, as noted,

together with the length of the stroke (in direct acting engines), the in-

dication of the gauge attached to the force main, and indicator diagrams

from the pump. It is desirable that indicator diagrams be obtained also

from the steam cylinders.

Observations of the length of stroke should be made every five min-

utes; observations of the water pressure gauges every fifteen minutes; ob-

servations of the remaining instruments, such as steam gauge, vacuum
gauge, thermometer in pump well, thermometer in feed pipe, thermome-

ters showing temperature of engine room, boiler room and outside air ther-

mometer in flue, thermometer in steam pipe if the boiler has steam heat-

ing surface, barometer and other instruments which may be used, every

half hour; indicator diagrams should be taken every half hour, both from
the steam and from the water cylinders ; should the diagrams from the

pump be rectangular, they may be taken, if desired, with less frequency.

"When the duty trial embraces simply a test of the engine apart from
the boiler, the course of procedure will be the same as that described ;

excepting that the fires will not be hauled and the special observations

relating to the performance of the boiler will not be taken.

5. In making preparation for the test, attention should be given to the

following provisions in the arrangement of the apparatus :

The gauge attached to the force main is liable to a considerable amount
of fluctuation unless the gauge cock is nearly closed. The practice of

choking the cock is objectionable. The difficulty may be satisfactorily

overcome and a nearly steady indication secured, with cock wide open,

if a small reservoir having an air chamber is interposed between the

gauge and the force main in the manner shown in the appended sketch.

By means of a gauge glass on the side of the chamber and an air valve,

the average water level may be adjusted to the height of the centre of

the gauge, and correction for this element of variation avoided.

To determine the length of stroke in the case of direct acting engines,
a scale should be securely fastened to the frame which concects the
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steam and water cylinders, in a position parallel to the piston rod, and
a pointer attached to the i

-od so as to move back and forth over the grad-

uations on the scale. The marks on the scale, which the pointer reaches

at the two ends of the stroke, are thus readily observed and the distance

moved over computed. If the length of the stroke can be determined
by the use of some form of registering apparatus, this method of meas-

urement is preferred. The personal errors in observing the exact scale

marks, which are liable to creep in, may thereby be avoided.

The form of calorimeter to be used for testing the quality of the steam
is left to the decision of the person who conducts the trial. It is preferred

that some form of continuous calorimeter be used which acts directly on

the moisture tested. If either the superheating caloi'imeter or the wire-

drawing instrument be employed, the steam which it discharges is to be

measured either by numerous short trials, made by condensing it in a

barrel of water previously weighed, thereby obtaining the rate by which
it is discharged, or by passing it through a surface condenser of some
simple construction and measuring the whole quantity consumed. When
neither of these instruments is at hand and dependence must be placed

upon the barrel calorimeter, scales should be used which are sensitive to

a change in weight of a small fraction of a pound, and thermometers

which may be read to tenths of a degree. The pipe which supplies the

calorimeter should be thoroughly warmed and drained just previous to

each test. In making the calculations, the specific heat of the material

of the barrel should be taken into account, whether this be of metal or

of wood.

If the steam is superheated or if the boiler is provided with steam

heating surface, the temperature of the steam is to be taken by meam of

a high grade thermometer resting in a cup holding oil or mercury, which

is screwed into the steam pipe so as to be surrounded by the current of

steam. The temperature of the feed water is preferably taken by means
of a cup screwed into the feed pipe in the same manner.

Indicator pipes and connections used for the water cylinders should be

of ample size and so far as possible free from bends. Three quarter

inch pipes are preferred, aud the indicators should be attached one at

each end of the cylinder. It should be remembered that indicator springs

which are correct under steam heat are erroneous when used for cold

water. When steam springs are used, the amount of error should be

determined, if calculations are made of the indicated work done in the

water cylinders.

To avoid errors in conducting the test due to leakage of stop valves

either on the steam pipes, feed water pipes or blow-off pipes, all these

pipes not concerned in the operation of the plant under test should be

disconnected.

6. The engine is to be worked on the duty trial, unless otherwise stipu-

lated, at its rated capacity of discharge.

7. In review of the method thus pointed out, the various steps may be

summed up briefly as follows:

a. Preliminary run to determine the temperature of the feed water.

b. Erection of weighing apparatus, examination of pump and test of

plunger leakage.
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c. Commencement of boiler test.

d. Commencement of engine test.

e. Boiler and engine test go on simultaneously.

/. Close of engine test.

g. Close of boiler test.

8. It is desirable that the report of a duty trial should be sufficiently

full to show the performance of the engine and its various members in

all other respects than the simple expression of the amount of duty per-

formed. For this reason the horse-power developed by the steam cylin-

ders, the feed-water consumption per horse power per hour, the steam

accounted for by the indicator and other information relating to the

work of the engine in the capacity of a steam engine should be deter-

mined and given.

The efficiency of the mechanism of the engine should also be deter-

mined and stated ; that is, the proportion which the work done upon the

water bears to the work done in the steam cylinders. This efficiency

may be expressed by the formula,

„„ . (CVwN — L) X {H + s + h) .

Efficiency = '-^± —- in which

the numerator is the expression used in the formula for duty, and the

denominator is the number of foot pounds of work done during the

trial, measured from the indicator cards taken from the steam cylinders.

This last may be determined by multiplying the indicated horse power
by 1,980,000 and the product by the number of hours' duration of the

trial.

DISCUSSION.

By James A. Tilden.

Mr. Barrus has certainly presented a scientific and thoroughly accur-

ate method of conducting duty trials of pumping engines. That the

necessity for such a method is very great is unquestioned. There are

about as many different methods of conducting duty trials or estimating

the duty as there are pumping plants, and there is no standard or uni-

form method whereby any adequate comparison can be made between

engines of the same or different manufacture. In a general way the

work is referred to the number of pounds of water elevated one foot by a

hundred pounds of coal. Mr. Barrus has explained in how many ways
this may be interpreted, but the permutations and combinations of the

different alloicances which are made by different engineers produce a

variety of results which is something astonishing.

There are, however, certain practical difficulties in the way of intro-

ducing a standard method which will more or less affect its adoption.

These difficulties will arise from the objections of the manufacturers of

pumping engines, from those who use them, and from expert engineers.

The present methods of conducting duty trials are satisfactory enough
to engine builders on account of the reasons given by Mr. Barrus. It is

a very easy matter to represent to a water board when it is desired to

make a sale, that the engine will perform a very acceptable high duty,

and then when it comes to the trial, make a certain combination of
'' allowances" which will bring the duty equal to, or in excess of, the
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figure naoied. As stated in the paper in discussion, the contract is gen-

erally sufficiently ambiguous to allow the manufacturer to obtain the

duty guaranteed.

This is no argument against the equity of a standard method, but

simply represents the probable disfavor from this source.

Since the reading of the papei in January, I have made personal

inquiry of a number of eminent waterworks engineers in charge of

extensive water-works in different parts of the country, as to the favor

with which a standard method of conducting a duty trial would be re-

ceived by them, and I find that each has his pet method, and in case of

purchase of a new pumping engine, he would conduct his duty trial in

the same manner as he had been in the habit of doing, so as to make a

comparison between the new engine and the old on the same basis.

From a very well known water works engineer I obtained expressions

of very marked indifference. He said all he cared to know was how
many foot pounds of work be obtained for a hundred pounds of such

coal as he commonly used, the engine builders taking the boilers and
apparatus just as they found them. This sentiment he had fully carried

out in practice, having just put in two twenty-million engines. He
said, further, that that represented in a perfectly simple way the actual

work done by a hundred pounds of coal under the special conditions at

their pumping station, and gave a comparison easily understood of the

work done by the new engines and the old. In this case absolutely no
" allowances " were made. This single instance illustrates that peculiar

ideas are entertained by reputable engineers in charge of water works
which would be more or less difficult to overcome. The unscientific

citizen, moreover, is more or less suspicious of what he terms "fancy

scientific tests." By unscientific citizens I mean the average member
of a water board. He can, without difficulty or special education,

count the number of wheel-barrow loads of coal, and note the weight

of each, which go to the boiler, and, obtaining from the counter of the

engine the number of strokes of the pump, he can make a simple calcu-

lation, and satisfy his own mind that the new pumps are pumping more
water for a given amount of coal than the old ones, or vice versa.

This represents, I think, an actual condition of affairs which will have

to be met.

Objections to a standard method by expert engineers will arise from
the variety of conditions under which tests are to be made. For in-

stance, if a feed-water heater is in use, which is imperfect in operation,

or overcrowded, will the expert discriminate against the engine builder

because of such imperfect conditions? Or if the donkey pump already

in use in the plant uses five perj cent, of the steam instead of three, is

that difference of two per cent, to be reckoned against the duty of the

new engines? The same question applies to the use of an independent

air-pump, where the entire plant, engines, boilers, and all the accessories,

are furnished by the same party. A general objection appears that cer-

tain " allowances" under certain conditions are and will have to be made
under any standard however complete.

The method, from a scientific point of view, proposed by Mr. Barrus

appears to be entirely without exception. A pumping engine should
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undoubtedly be treated as a beat engine, and the adoption of 1,000,000

B. T. U. is a convenient standard to which to refer the duty of an

engine.

Where all prejudice, such as above discussed, can he overcome, the

method proposed by Mr. Barrus will undoubtedly prove very acceptable

and will come into general popular favor.

In an oral discussion at the January meeting, I made a few remarks

relative to the use of the water end of the pumping engine as a water

meter, that is, calculating by the number of strokes and the diameter

and travel of the water plungers the amount of water pumped, and made
some criticisms as to the degree of accuracy obtained thereby. There

are two parts to a pumping engine which are separate and distinct, the

steam end and the water end. The steam end can be treated in precise-

ly the same manner as a steam engine, and its efficiency ascertained

minutely. Bat there has been a tendency to slight the water end and

take certain things for granted. Every other portion of the test is con-

ducted with a view to obtaining the efficiency of the several parts of the

apparatus to a fraction of one per cent., and in point of time, is continued

throughout the entire test.

There is, unfortunately, very little data as to the slip or loss of action

under varying conditions. D.fference of pressure may make a variation

of one percent., or perhaps two per .cent, under extreme limits. The
rate at which the plungers move affects the slip to a great extent.

There is a rate at which a pump could run which would be so slow as to

just equal the slip, in which case the slip would be the entire amount or

one hundred per cent.

Oa the other hand, there is a rate at which the loss would be the min-

imum quantity, whic'a may be as low as one per cent. A variation from
this rate either faster or slower will result in a greater slip. It is on this

account that engines on a direct pumping system have a greater loss of

action than on a reservoir or stand-pipe system. The continual change

in the rate must necessarily produce a greater slip. The writer has au
instance of this kind in mind, where in first class pumps on a direct

pumping system under the direction of a well known engineer, an allow-

ance of seven per cent, between the actual plunger displacement and the

amaunt pumped is made. This was the engineer's estimate based upon
long experience.

The best results obtained have been on a reservoir system under con-

stant head and rate. Here a loss of as little as one per cent, has been ob-

tained between plunger displacement and weir measurement. This

presumes on i's face that weir measurement is accurate, but consid-

erable question is raised as to whether it approximates accuracy within

even one or two per cent.

There is a difference between the loss in clear water and dirty

water, especially in water containing substances of a stringy or fibrous

nature. These substances prevent the full closing of the valves and is

sufficient to account for a very considerable loss. Muddy or sandy
water is not so bad, as any particles of this kind would be either washed
off the seat or imbedded in the rubber of the valve in closing. Cards

from the water end may be relied upon to indicate any great loss from
this cause or from the presence of air.



388 ASSOCIATION OF ENGINEERING SOCIETIES.

These remarks are offered for the purpose of prompting further dis-

cussion, and to advance the opinion that under any uniform method
ceriain "allowances" would have to be made in many cases, depending
upon the conditions, and these " allowances " would still furnish a field

for difference of opinion, and impair the value of the tests for the pur-

pose of comparison. The opinion is further advanced that it is in the

water end of the pump that the only uncertain factor is found in ob-

taining perfect accuracy of test. No better plan or remedy for this un-

certainty is entertained, but with attention called to the various points

some plan may be suggested which may be of value.

By John E. Cheney.

The subject treated by Mr. Barrus in his very interesting and able

paper is one of importacce to all purchasers and users of pumping
machinery.

The writer has for a long time believed that in purchasing pumping
plant, the efficiency of a pumping engine should be considered inde-

pendently of that of the boiler, especially when new engines are to be

used in connection with old boilers, or when the engine and boiler are

to be furnished by different parties.

lo will, probably, be somewhat difficult to prescribe a standard method
for conducting duty trials that will be satisfactory to all engineers, and
the selection of a common unit or measure for computing the duty may
be equally difficult.

Mr. Barrus' paper is a strong plea for a standard method, and it is to

be hoped that it will be the means of exciting sufficient interest in the

matter to bring about the desired end.

The formula recommended in the paper is intended to be general, and
applicable to all cases and conditions under which duty trials are desired,

but it would appear that provision has not been made for the following

described case :

If the main feed-water is taken from the force main, city pipes, or a

natural supply, the temperature of the water will vary in accordance

with the season of the year in which the trial is made, or from other

circumstances, and in case jacket-water is combined with it, the result-

ant temperature of the feed-water will vary in the same amount as

the initial temperature. Therefore the item of heat consumed by the en-

gine, embraced in "weight of water supplied by main feed-pump, multi-

plied by total heat of steam of boiler pressure above temperature of main
feed water," will vary in accordance with the initial temperature of

the feed-water.

The high duty pumping engines of the Boston Main Drainage Works
have jet condensers, using salt-water injection, and present an example

where the varying initial temperature of the feed-water, due to the

season of the year, would affect their duty as computed by Mr. Barrus'

formula.

On August 9, 10, August 22, 23, and September 26, 27, tests were made
to ascertain the duty of the new high-service pumping-engines at

Chestnut Hill, and also to determine the efficiency of the boilers con-

nected with them.
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The general specifications under which bids were received were

prepare i by the City Engineer, in Jane, 1836, and the following extracts

from them will show the capacity and duty required of the engines, and

t ie methods prescribed for ascertaining the same.

The engines are each to have sufficient capacity to easily deliver into the Fisher-
Hill reservoir, so called. 8,000,000 United States gallons of water per twenty-four
hours, the total lift being from 116 to 128 feet.
The loss of action in the pumps must not exceed 4 per cent.
The piston speeds per minute, for the above-named capacities, are not to exceed,

for direct-acting engines 110 feet, and for beam and fly wheel engines (vertical), 200
feet.
As the efficiency of the engines is required to be shown independently of that of

the boilers, the calculation of the required duties of the engines will be based upon
a unit of water evaporated into dry steam in the boilers, the equivalent of which
shall be 1.100 pounds of water evaporated from and at 212 degrees Fahrenheit.
Each engine will be required to exhibit a duty of 100,000,000 foot-pounds per before

specified unit of water evaporated into dry steam in the boilers.
The duty trials, one for each engine, will be conducted in the following manner:

Steam will be raised in the boilers to the lowest pressure at which the engines will
run at full speed for capacity, when the fires will be hauled, the furnaces and ash-
pits cleaned, and fresh fires started with as little delay as possible. As soon as the
fires are well ignited the engine will be started and run at full speed for capacity,
with the working pressure of steam for twenty-four hours. At the latter part of the
trial the Arts will be burned down until the steam-pressure in the boilers is the same
as at the beginning of the trial, when the engine will be stopped. The amount of
water in the boilers is to be the sanie at the end as at the commencement of the
trial. During the trial the pressure and temperature of the steam and the tempera-
ture and weight of water supplied to the boilers will be carefully noted. Calori-
meter tests will be made to determine the quality of the steam supplied to the
engines, and steam containing not more than 3 per cent, of entrained water will be
considered dry steam.
The duty of the engine will be computed as follows : The area of the plunger in

feet will be multiplied by the pressure in pounds, due to the total left in feet, which
will be obtained from the average reading of a correct pressure-gauge, attached to
the force-main, near its connection to the pump, to which will be added the pressure
due to the difference of level between the zero of the gauge and the water in the
pump-well ; the product thus obtained will be further multiplied by the total num-
ber of feet traveled;by the plungers on their discharging strokes. This product equals
the total work in foot-pound* The amount of water evaporated by the boilers
during the trial will be reduced to an equivalent number of pounds of water evapor-
ated from and at 212 degrees Fahrenheit. The total work in foot-pounds divided by
this equivalent evaporation, and the quotient multiplied by 1,100, will be the duty of
the engine in foot-pounds, per specified unit of water evaporated into steam. All
steam used for feed-pumps, condensers, and other appliances, will be taken from the
boiler furnishing steam to the engine, and no allowances will be made for steam so
used.
The efficiency of the boilers will be tested at the duty trials.
Capacity tests i-f the engines will be made either in conjunction with the duty

trials or separately ; the amount of water pumped to be determined by weir-meas-
urement at the Fisher-Hill reservoir.
The duty trials will be conducted by the City Engineer, and the expense of them

will be borne by the City.
The contractor, or hisrepresentatives, may be present at the duty and capacity

trials of the engines, and may have access to all instruments used and notes taken.

It will be noted that, in accordance with the specifications, the duty

of the engines was to be computed upon a unit of steam used by them,
instead of upon the usual unit of coal burnt under the boilers. The
duty of the engines was, therefore, to be shown in terms of heat fur-

nished to. and consumed by them. The unit of steam used was made
large, and consequently no allowances were made for any steam not used

by the engine proper, and for any heat returned from the engine to the

boiler.

The duty required by the specifications can be expressed in general

terms as,

—

Duty per 1,100 pounds water evaporated from and at 212°

Work done in ft.-lbs. X 1.100.

Equivalent lb?, of water evaporated from and at 212°

At the trial of Engine No. 2, made on September 26, 27, the work done
was 8,7o4,116,000 foot-pounds, and the weight of water fed to the boiler
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and evaporated into steam at 79.9 pounds pressure, was 88,453 pounds.
The equivalent evaporation from

212 was 88,453 X ^2?= 91,566.25 lbs.
966

Then.—
Duty per 1,100 lbs. water evaporated from and at 212'

8.754.116,000 x 1,100 ... _.= — A , .„,. ., = 100,164,600 ft. -lbs.
91,566.25

The specified unit of water evaporated into steam equals 1,100 pounds
of steam made from and at 212°, and this can be expressed by the 1,062,-

600 heat units contained therein. By adapting the formula to this ex-

pression of the specified unit, it becomes general in character and appli-

cation, and appears in the following form:
Duty per 1,100 pounds steam made from and at 212

Wx 1,062,600 .= ^ in whichU— u
W= Work done by engine in ft.-lbs.

£7"= Heat units in total steam used, in excess of heat units in equal

weight of water at 212°.

u = (1st) Heat units returned from engine to boiler, plus (2d) heat units

in steam used for any purpose other than running the engine, in excess

of heat units in equal weight of water at 212°.

The duty of engine No. 2, as per trial of September 26, 27, is shown
by the formula, as follows:

Duty per l,i00 pounds steam made from and at 212 degress =
8,754,11^,000 x 1,062,600 • ... ... ;

'

oo Ar r, w -. nnn = 105.164,600 feet-pounds, the same result as
00,453 X 1.000

obtained by the specified formula.
In the above mentioned trial the heat of the feed-water was increased

38.9 by the addition of the jacket-water, and the amount of neat re-

turned to boiler from engine therefore equals 88,453 X 38 9 = 3,440.821.7

heat units. The net duty of engine per 1,100 pounds steam made from and

of „10o, . 8,754,116,000X1,062,600 inft/)1 , 1AA , , ,
at 212 then equals

88<4B8>000 _ 8>440>8aL7
= 109,421,100 feet-pounds.

In case calorimeter tests of the steam had been made, u would have
been increased by the addition of the heat units contained in steam used

for the tests, in excess of heat units in equal weight of water at 212°.

By E. D. Leavitt.

The late Henry R. Worthington was once engaged in negotiating a

sale of a pumping engine to the president of a prominent water com-
mission who was by occupation a printer. After considerable talk about

duty, during which very little progress was made towards an under-

standing, Mr. Worthington exclaimed :
" I don't know much about

duty, but I will agree to put so many gallons of water into your reser-

voir with so many pounds of coal." " Now I understand you," said the

president, and the trade was consummated without further delay.

As a preliminary to the adoption of Mr. Barrus' methods, the Ameri-

can Water Works Association, or some kindred organization, should

establish a great technical institute for the education of water com-
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missioners, water works superintendents and employes in the principles

of thermodynamics—an undertaking the magnitude of which is com-

parable only with the preposterous claims of the average pumping en-

gine builder for high duty.

The method of test proposed by the author, viz., the accurate deter-

mination of the amount of heat expended to produce a given amount
of work, is one which, if carried out in practice, would add greatly to

our stock of engineering data. On this ground I would, for the greater

part, indorse it; but I cannot agree with the author as to the desirability

of making such a test a part of the contract requirements. It it- a fact,

as the author remarks, that in the majority of cases the purchaser

knows very little about the subject of duty tests, but for this very reason

I would make the contract requirements as simple as possible, so that

the purchaser could understand them, instead of complicating them
so that he must be entirely dependent upon his experts. A pur-

chaser is often suspicious of the contractor, and sometimes, with or

without reason, has not the fullest confidence in the expert. It is, then,

a matter of great satisfaction to all three parties if all the questions at

stake are so stated as to be fully understood by all parties concerned.

I do not wish to be understood as deprecating the making of accurate

scientific tests.. On the contrary, I would in all cases make as complete

a test as possible, for several reasons. In the first place, such a test

shows to the purchaser's expert where, if at all, the plant can be im-

proved, outside of the contract, so as to give a greater return for money
expended; it gives a datum line with which future performances of the

same plant can be compared, and any falling off in economy detected

and remedied; it shows the builder where to make changes to improve
his next design, and it adds to our general fund of information.

From the stand-point of the purchaser the problem appears as follows:

Money is to be put out in the purchase of a pumping plant, and after-

wards in coal, oil, labor and repairs, and the more water that can be

pumped for a given outlay for running expenses and for interest on first

cost the better. If he can get a guarantee of a certain quantity of water

delivered where he wants it by the expenditure of a given quantity of

coal the affair is much simplified. Having such a guarantee, an estimate

for furnishing the plant, and the opinion of an expert as to the durability

of the proposed machinery, any good business man will soon come to a

conclusion as to which of several offers will be the better paying invest-

ment. The purchaser and the expert can thoroughly understand each
other, and can work in harmony. Suppose, however, that it is proposed
to guarantee a certain number of foot-pounds of work for the expendi-

ture of a certain number of thermal units. It is true that the plant that

will do the most useful work for the least heat will pump the greatest

amount of water to the greatest height for the least coal. This the pur-

chaser can understand, and, as far as a decision as to which plant to

select is concerned, it would be all sufficient if the question were to be
limited only by the running expenses. But the purchaser wants to

know the cost in money for water delivered, so as to compare it with
the cost of plant. In the supposed case he must rely entirely upon the

figures of the expert. The latter must calculate back from thermal
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units to coal, and forward from foot-pounds to gallons of water delivered

where wanted. The nearer the guarantee figures can approach the coal

pile at one end and the service main at the other, the more fully will all

parties understand each other.

The engineer naturally looks at the question from another stand-point.

He divides the process into numerous steps, studying the economy of the

various stages. Beginning at the furnace, he wants to know how much
of the available heat of the coal is brought out by the combustion; how
much of this is transferred to the water in the boiler; and how much is

lost by going out with the steam in the form of water. He studies the

heat converted into work in the cylinder, the heat returned to the boiler

from the jackets, separators and re heaters, the heat returned in the feed

and lost in the condenser, the water handled by the pump and that

actually delivered; the fluid friction below, at, and above the pump, and
the many other details upon which the mechanical and commercial suc-

cess of the plant depends. To him a pound of coal is a very uncertain

quantity, and a gallon of water removed from one place and put into

another is not an invariable unit of work. He prefers to begin with such

a tangible unit as a known quantity of heat, and to end with the well

established foot pound. He could not well do otherwise in his own
calculations, for unless he uses established and invariable units he cannot

make determinate comparisons of performance, or properly calculate the

necessary proportions for his designs. But the purchaser often knows
little or nothing of these intermediate steps, and consequently the en-

gineer, when he comes into contact with him, should talk in a language

where they stand on common ground.

The simplest case would be where the contractor furnishes the plant

complete from suction pipe to service main, including boilers and auxil-

iary machinery. Here the contract can be made to guarantee a certain

amount of water delivered into the reservoir between certain limits of

level, or, in the case of direct supply, a certain quantity delivered at a

certain point in the service main at a certain pressure, the cost to be ex-

pressed in coal of a certain quality. The coal might be specified as to

come from a certain mine, to be of a certain size, to be fresh mined or

not over a certain age, and to contain not over a certain percentage of

moisture. It should be specified, unless utterly impossible, that the

test of duty should be made by weir measurement, and a short descrip-

tion of how and where the weir should be fitted might be appended

to the contract. Also, perhaps, a description of the method of meas-

uring the fuel used, hauling fires, and starting fresh ones at the

beginning of the test, etc. Here there is no break between the two
ends of the problem ; coal at one end and water at the other ; and no

intermediate measurements need be made, except for purposes outside

the contract. What benefit could possibly accrue to either the purchaser

or the contractor by changing from the coal-burned-and-water-delivered

basis to the thermal-unit and foot-pound system of measurement?

The builders could base their estimates equally on either system, but

the purchaser would feel more at home in dealing with the former.

But suppose that the contractor only puts in the pumping plant and

auxiliary machinery, taking steam from boilers already in use, or put in
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by other parties. In this case two courses are open. If the boilers are

of a well-known type the contractor should be able, after an examina-

tion of them, or of the drawings of the proposed boilers, to make a close

estimate of their evaporative ability, and could offer to pump so much
water per unit of coal as in the first case. The rate of combustion

should be specified in the contract, and a drawing of the proposed boil-

ers might be appended. If, however, as sometimes happens, the boilers

are of some abnormal design, or if for any other reason the contractor

declines to guarantee the coal consumption, the problem will be less

complicated by guaranteeing the weight of feed water than by making a

more scientific basis of calculation. If the contractor doubts the ability

of the boilers to furnish dry steam, the contract could specify the limit

of allowable moisture and the method of test of the same and of allow-

ance for excess . It should be specified in the contract that in regular

service the water drained from jackets, separators, re-heaters and

other parts under boiler pressure; should be returned to the

boilers without loss of pressure; that water drained from parts

under less than the boiler pressure should be drained into a tank,

where it would all be taken by the feed pump, and that all other feed

should be taken from the hot well, whose temperature should not be less

than a given limic. In the case of auxiliary air pumps it might be

specified that all feed water pumped to boilers should have a temperature

not less than 200 degrees F., being heated by the exhaust steam of the

pump. In this way waste of heat in various ways, which might result

if only the weight of feed water were specified, would be prevented.

The weight of feed water, less that of water trapped out of the steam-

pipes, would then be a fair measure of the economy of the plant. To be

sure, each pound of steam taken through the jackets and reheaters will

require less heat than each pound used in the cylinders, but the differ-

ence will be but a small percentage of the total heat used. I notice, by-

the-way, that in Mr. Rarrus' illustrations he, by an oversight, gives the

heat used by each pound of jacket and reheater steam as the total heat

due to the pressure, minus the heat returned to the boiler. Now as this

steam was kept m the system under boiler pressure, and did no external

work, the "external resistance" heat should not have been charged to it.

In the third illustration given, for instance, one pound of jacket steam
fat 120 pounds gauge pressure) would use 1132.8 — 292 = 840.8, instead of

1215.9 — 292 = 923.9 thermal units. In the same wavthe reheater steam
would use only 830.7 thermal units per pound, instead of 913.8. Making
these corrections, the heat consumed by the engine would be (188,000 X
1,070.6) + (7,000 X 840.8) + (2,000 X 830.7) + (3,000 X 9.9) = 208,849,500

thermal units. Now if, neglecting the saving of heat by the jacket

and reheater, we had roughly assumed the heat used to be equal

to the total weight of water fed to the boiler, multiplied

by the heat expended per pound of the main feed, or (188,000

+ 7,000 + 2,000) X 1,070.6 = 210,908,200 thermal units, we would
have been less than 1 per cent, out of the way. But in a comparison
of any two engines which would come sufficiently near to each other

in heat economy to enter into serious competition, the comparative
effect of the error would be much smaller and the weight of feed water
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of two engines using practically the same steam pressure and feed
temperature could be safely assumed as being proportional to the heat
expended within one-half of one per cent. Again, the steam pressure

in a case where a pumping plant is to be connected with existing

boilers, would be fixed, but even supposing a latitude of 50 pounds in

pressure to be admissible, two competing engines could not differ in the

total heat per pound of steam used by more than 10 thermal units, or

about one per cent.

It will be seen, then, that if we exact a sufficiently high feed temperature,
and specify how all trapped water shall be disposed of, we can, without
making any corrections whatever, safely assume the heat value of the

steam used to be proportional to the weight of feed water within 1-J- per
cent., which is certainly sufficiently accurate for commercial purposes.

The engineer would, of course, by analysis, arrive at a closer result, but

the purchaser, knowing the economic evaporation of his existing boilers,

or having a guarantee from the builders of the new ones, could calculate

very closely from the guaranteed steam consumption what the cost of

coal for pumping a given quantity of water would be. And if the

weight of feed water is a sufficiently close measure of cost in select-

ing an engine, it should certainly be accurate enough for a test require-

ment. This is not a scientific way of testing an engine, but it is a prac-

tical way which any business man can understand.

Turning now to the water end of the pump, I cannot agree with the

author that the method of approximating to the water delivery by means
of the plunger displacement, is a satisfactory one. With a first class

pump, known to have an insignificant "loss of action," this method
would give a sufficiently accurate result, but if it is stipulated in the con-

tract, or is mutually understood, that this will be the sort of test made,

too great a temptation is offered to the builders to make an inefficient

machine. The difference between the cost of construction of a pump
having an insignificant " loss of action" and one in which this loss is

a considerable amount, is sufficient to make it an object to build the lat-

ter pump instead of the former, unless the test requirement would call

for the better machine. The cost of weir measurement is not so great

but that it is preferable to go to the expense of making it, rather than

run the risk of a large loss of action. It is seldom that the connection

of a new pumping plant with the service mains cannot be delayed long

enough to make the duty test. The force main can easily be choked down
by valve, or by a blank flange with proper sized aperture, to give the

necessary head ; while the construction of a weir need cost but a nom-
inal sum. It is only when a long conduit for the waste water has to be

constructed that the cost of weir measurement become? excessive-

When, however, the plant is so urgently needed for regular service

that a weir measurement cannot be made, recourse must necessarily be

had to the plunger displacement method. I would, however, determine

the piston leakage at several points in the stroke, and also in both direc-

tions instead of at one point and in one direction, as recommended by

the author, as inaccurate boring may give varying results in the first

case, while piston packings do not always prevent leakage equally in both

directions. If a stand pipe is used, several fillings of it might be made
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to give an approximation to the loss of action, to be applied as a correc-

tion in the duty test.

When the contractor does not furnish the force main, there is no

reason why he should not make his calculations cf friction from the

design of the main, the same as if he were to furnish it himself, so that

he need not, on this score, be prevented from guaranteeing a certain deliv-

ery into the service main. In such a case it might be advisable to ap-

pend to the contract a drawing of the force main to be used.

When the contractor furnishes the bare pumping engine, without any

auxiliary steam machinery, it is very easy to state in the cor tract

whether or not the steam for these auxiliaries is to be counted in the

duty test. It is in the drawing up of the contract and specifications

that it is necessary to exercise the greatest care. " An ounce of preven-

tion " at this point " is worth a pound of cure " in settling disputes as to

the proper method of test.

A standard such as the author proposes, with slight modifications,

would be of great value for purposes of scientific comparison; but I do

not consider it practicable, for the reasons given, for commercial pur-

poses.

By George H. Barrus.

Replying to the gentlemen who have taken part in the discussion of

this paper, it may be well to first refer to the causes which lead the

writer to prepare it

:

Mr. J. S. Coon, of Burdette, N. Y. , read a paper on the subject of

" Duty Trials" before the Nashville meeting of the American Society of

Mechanical Engineers, which took place in May, 1888. The discussion

of this paper resulted in the appointment of a committee composed of

members of the American Society of Mechanical Engineers, to deter-

mine upon a standard method of conducting duty trials. This commit-

tee consisted of Messrs. Coon, de Kinder, Nagle, Reynolds and tb.3 writer.

It was partly in view of the work of this committee and partly for the

purpose of complying with the invitation of the Boston Society of Civil

Engineers, which had been received by the author some time before,

that the paper was prepared. It is the desire of the committee to obtain

the views of experts and others interested in the subject, on the best

method of determining upon the proposed standard, and the opportunity

of obtaining the ideas of the members of the Boston Society, which is

thus presented , is gladly embraced.

In looking over Mr. Leavitt's remarks, which, on the surface, strike

one as being an elaborate review of the paper, no statement appears,

that, in his opinion, any standard method of conducting duty trials

would be of value for commercial purposes, though he admits that it

would be quite desirable for scientific comparisons.

The paper, at the outset, lays down the premise that a standard is de-

sirable, not only for the purpose of scientific comparisons, but for com-
mercial uses as well, and the commercial object is quite as important as

the other. If Mr. Leavitt does not believe that this is true, and he evi-

dently does not, there seems to be little need of answering the objections,
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which, with these views, he finds it easy to raise. It may be well, how-
ever, to briefly notice the points which he brings out; for Mr. Leavitt is

a hydraulic engineer of large experience in the design and construction

of pumping machinery; he is consulting engineer for one of the leading

pump manufacturers of the country, and he is presumably associated

more or less intimately with the purchasers of pumping engines; all of

which places him in a position to express an opinion upon the subject.

Mr. Leavitt's principal objection to the paper is that the proposed

standard is not one which should be made a part of contract require-

ments. The reason given is that the purchaser knows little about ther-

mal units and foot-pounds of work, the two units which are proposed

for the standard method. The purchaser, he says, is familiar with the

common terms by which coal measurements are expressed, also those of

water measurements and of distance; but he will be confused if thermal

units are substituted for coal, and foot-pounds for gallons of water

raised to a given elevation. Instead of the method proposed in the paper,

Mr. Leavitt suggests the following named plans:

First.—Have the duty expressed as the number of gallons of water de-

livered into the reservoir, between certain limits of level, or delivered at

a certain point in the service main at a certain pressure, by 100 pounds

of coal. This he would have done in all cases where the contractor

furnishes a complete plant, the water being measured, if possible, by a

weir. He would have the contractor specify the kind, character, and

other properties of the coal used, as also the method of procedure to be

followed in conducting the test, not only that part of the test re'ating to

the measurement of the coal, but that part relating to tho construction

of the weir.

Second —If weir measurement cannot be resorted to, plunger dis-

placement should be used, allowance being made for the leakage of the

plunger.

Third.—If the contractor supplies the engine, and does not supply the

boilers, he w'ould have the contractor estimate the evaporative efficiency

of the boilers, and base his guarantee on coal consumption in accordance

with this estimate. Either this, or he would base the duty on the weight

of feed water consumed. In the latter case, he would have the contract

specify how the quality of steam is to be determined and allowed for.

He would have certain requirements in regard to the disposition of the

water drawn from the jackets, separators and re-heaters and such other

condensed water as the plant may produce, Also certain stipulations as

to the heating of the feed water to a temperature of 200 degrees, by means

of the exhaust steam of auxiliary pumps, if any are used.

Mr. Leavitt thus proposes three or four different methods of duty trials

for as many different cases, and none of them bear the mark of simplicity

which he advocates for contract use.

It may be asked, where is the purchaser of a pumping engine who
would sign a contract having these stipulations, and do it with an intel-

ligent idea of its bearing on the question with which he is at home— that

is, the number of gallons of water raised to a certain elevation with 100

pounds of coal ? And again, wherein does Mr. Leavitt simplify the mat-

ter of duty guarantees, which he maintains should be expressed in lan~
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guage which an unscientific purchaser can grasp, by overloading the

contract with detailed stipulations as to the manner of conducting the

test, which only an expert can understand ?

Mr. Leavitt leaves the subject just where he found it, and he leaves it

in the very same chaotic state which lead the American Society of Me-

chanical Engineers to determine upon a standard method of performing

these operations. The proposed standard, instead of being impracticable

for commercial purposes, as Mr. Leavitt affirms, is quite the reverse. The
simple stipulation as to the duty test, which is required for a contract,

is that the "test shall be conducted in accordance with the standard

method determined upon by the authority named." As to the basis of

1,000,000 thermal units, the unscientific purchaser is a very poor business

man if he cannot understand that this is nothing more than a precise

method of indicating the equivalent of 100 pounds of good coal.

Mr. Ltavitt criticises some of the computations given in the paper. He
says, in substance, that the heat required to produce a pound of steam at

120 pounds pressure, if used in the jacket, is 1132.8 thermal units,

while if used in the engine it is a greater quantity, being 1215.9

thermal units. In other words, the heat required to generate a pound of

steam varies according to the uses to which the steam is to be applied.

This is a most unwarrantable mistake. Jacket steam, it is true, operates:

in a closed circuit, and in a commercial sense does no external work of

the kind imparted by the cylinder steam. Jacket steam in the process

of generation, however, absorbs heat equivalent to the " external work"
required to generate it, and its properties in this respect are exactly the

same as those of steam used in the cylinder.

Mr. Tildens remarks bring out many points for thoughtful considera-

tion. In answer to the objection which he raises, that the proposed

stardard will meet with difficulties in the way of its adoption among
water-works engineers, it may be said that the standard does not inter-

fere with the practices which water-works engineers have, in the past,,

employed. They may continue to use the method of conducting tests to

which they have been accustomed. The adoption of a standard will r

however, enable them to bring the results which they have already

obtained, and whicn they may obtain in the future, to some common
unit of reference, if they, or others, should, for any reason, desire to

make comparisons with other engines than those over which they have
charge.

As to the variety of conditions under which engines are liable to be

used and the objection that certain allowance would need to be made
for certain conditions, it appears that no difficulty need arise in treating

of this matter. If the engine builder introduced one of his machines in

a place where the conditions were not favorable for getting the best re-

sults, as in the case, for example, which Mr. Tilden mentions, where the

donkey pump may use 5 per cent, of steam, instead of a more economical
3 per cent., the builder, in making up his guarantee, must take into ac-

count that the engine will work under these unfavorable conditions. He
would then simply make the guarantee figure somewhat less than he
would otherwise make it.

There' is no doubt of the varying quantities of slip in different engines,
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produced either by imperfect valve?, leaking plungers, or impure water.

Ihe question of the leakage of the plungers has been treatel in the pa-

per, and the proposed standard allows for it. The question of imperfect

valves is also dealt with, but nothing is mentioned in regard to water
which contains foreign substances, which would clog the valves. There
are few cases, it would appear, where foreign substances contained in

the water, which would produce disorder, cannot be removed before they

become lodged in the pump, and at all events, this could be attended to

during the comparatively short time when the tests are going on. It is

true that the proposed method makes no allowance for differences in the

quantity of water discharged, due to variations in the loss of action

produced by different types of valves, and herein is an element of uncer-

tainty, which there appears to be no means of overcoming. As stated

in the paper, it is believed by the writer that in the case of modern
pumping engines, the loss of action in the valves is small at best, and,

therefore, variations in this loss in pumps of different make would have

an almost imperceptible effect upon the duty.

Mr. Cheney's objection, that the proposed standard makes no allow-

ance for a case where the feed water is obliged to be taken from a cold

reservoir supply, can easily be met: In a case of this kind, where it was
necessary to use the water from some other source than the hot well, as,

for example, an engine which was supplied with a jet condenser, using

salt water for injection, it would seem that the builder should provide

the engine with an exhaust steam heater, whereby some of the heat of

the exhaust steam could be returned to the feed water. A temperature

of 120 degrees can readily be obtained by the use of a heater of this kind,

and this temperature is somewhat above the ordinary temperature of hot

wells. If the contractor does not supply such a device, he ought to suf-

fer the consequences, that is, his engine should not get the credit of any
allowance for the low temperature of the feed water, or for variations in

that temperature due to the season of the year.

THE SANITARY CONDITION OF THE WATER SUPPLY OF NEW
YORK CITY.

By Charles C. Brown, Member Engineers1 Club of St. Louis.

[Read April 17, 1889.]

Almost ever since the Croton River has been in use as a supply of

water for the city of New York, there have been periodical attacks made
upon the purity of the water, and much discussion of the subject in the

newspapers. A great deal of the matter thus published can be classed

as sensational news, but there has been a basis of fact to the exagger-

ated accounts.

It is quite evident that a territory whose drainage is in large part used

for a public water supply, must be kept comparatively clear of popula-

tion and manufacturing operations or a progressive deterioration of the

quality of the water must result. No attempt at such regulation of the

water-shed of the Croton has heretofore been made. The region is quite

close to the city, its nearest point being about 35 miles distant. The
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census reports show a, slow increase in population up to 18S0. It is prob-

able that the increase since that time has been somewhat more rapid.

The population on the water-shed is now estimated at nearly 25,000. No
pains have been taken to keep the drainage from the habitations of these

people out of the streams, except in a few flagrant cases to which special

attention has been called by some interested party. In fact, it has been

found that the tendency is to expedite the transmission of such drainage

to the streams, and some of the most flagrant cases are still to be found,

as they are partially concealed from view and have escaped the notice of

self-appointed inspectors. There can be no doubt that years of this sort

of work will result in a condition of the water such that it cannot be

used for domestic purposes. Chemical analyses of the water, if sufficient

in number and reasonably near being consecutive in point of time,

should show the results of this neglect of the water. Actual inspection

of the water-shed would show the extent of the polluting processes to

which the water is subject.

I. The case from the standpoint of chemical analysis is as follows. I

am indebted to Professor Elwyn Waller, Ph. D., of Columbia College,

New York City, for the most complete set of tables of results of such
analyses which has yet been published. He was for a number of years

chemist to the city Health Department, and has made a large part of the

analyses himself. The tables are printed in full in my Report to the State

Board of Health of New York on this subject. In that report, Plate LXX
gives a plot of the results for the years for which the most complete series

of results were obtained, 1876, 1885-6, and 18s8. The principal constituents

of the water on which an estimate of its purity is based are total solids,

the total amount of solid matter obtained by evaporating 100,000 parts

by weight to dryness ; hardness, the soap-destroying power of the alka-

line constituents, in their equivalent of parts of carbonate of lime per
100,000 ; albuminoid ammonia, obtained by distillation with potassium
permanganate and potash, and deducting from the total ammonia thus
obtained the amount of free ammonia obtained from a like amount of
water distilled with a solution of sodium carbonate (supposed to give an
indication of the nitrogenous organic matter present, which has not yet
been decomposed sufficiently to furnish free ammonia); chlorine, usually
in the form of sodium chloride ; nitrogen, the total amount of combined
nitrogen contained in the water being that contained in the ammonia
added to that found in nitrates and nitrites. Chlorine usually
indicates contamination by sewage, when proper allowance is made for

proximity to the sea, for salt, springs, salt in strata, etc. Albuminoid
ammonia is taken to indicate pollution from vegetable sources when
the amount of chlorine is small. Free ammonia usually indicates fully

decomposed polluting matter, and is not of much importance as regards
the present purity of the water, unless the amount of albuminoid am-
monia is large. The amount of free ammonia in the Croton water is

very small when there is any. Tests have been made at intervals for
phosphates and nitrites, but without result. Tolerably complete serit s

of determinations of total solids and hardness have been made since 1872.

The series of determinations of the other impurities mentioned are
very much broken, and in but one case extend back of 1876. The results
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of all determinations are given in Professor Waller's tables, above
mentioned. I have made averages of the results obtained in each month,
which averages are given in the following table. The first column gives

the number of results obtained during the month named on the same
line in the second column. The third, fourth, fifth and sixth columns
give the averages of these results in each month for the various

matters above enumerated. All results are given in parts per 100,000.

MONTHLY AVERAGES OF RESULTS OF CHEMICAL EXAMINATIONS OF CROTON WATER.

Parts per 100,000.

No. of Re- Total Hard- Albuminoid Combined
suits. Mon^h. solids. ness. ammonia. Cblorine. nitrogen.

1872.

1 May 6.60 ....

4 November 8.24 3.36

4 December." 7.60 4.10

1873.

4 January 7.25 3.05

4 February 7.07 2.95

5 Marcb 7.84 3.17

4 April 6.20 2.85

5 May 6.80 4.00

4 June 8.30 3.68

4 July 7.80 3.81

5 August 7.56 3.42

2 September 8.80 3.87

4 October 9.25 3.86

5 November 9.68 3.50

4 December 7.55 2.96

1874.

5 January 6.92 2.68

4 February 7.65 2.83

4 Marcb 6.55 2.77

4 April 6.70 3.38

5 May 7.12 2.94

2 June 7.70 3.21

4 July 8.50 3.88

5 August 8.28 3.85 0.0147*

4 September 7.80 3.92

5 October 7.59 3.49

4 November 8.40 3.72

4 December 8.00 3.56

1875.

5 January 7.80 3.52

4 February. 5.75 2.35

4 Marcb 5.20 2.08

4 April 5.55 2.28

5 May 6.60 3.01

4 June 8.80 3.76

5 July 8.34 3.76

4 August 7.55 3.28

4 September 8.76 3.70

5 October 9.06 3.9J

4 November 8.78 4.12

4 December 7.23 3.49

1876.

5 January 7.34 3.72 0.296*

4 February 7.09 3.89 0.246

4 Marcb 6.17 2.55 0.271

5 April 5.43 2.24 0*186

4 May 6.42 2.89 0.161

4 June 7.30 3.36 0.172*

5 July 7.39 3.38 0.170t

4 August 7.56 3.12 0.165

5 September 6.68 2 94 0.189

4 October 7.07 3.14 0.200

4 November 7.67 3.68 0.182*

5 December 8.67 3.S9 0.261*
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No. of Re-
sults. Month.

4 January
4 February
5 March
4 April
4 May
5 June
4 July

August
5 September
4 October
4 November
5 December

4 January
4 February
5 March
4 April
3 May
5 June
4 July
5 August
4 September
4 October
5 November
4 December

4 January
4 February
5 Marcn
4 April

,

5 May
1 July

1 December

7 April
1 May
1 July
1 November...

2 June
1 July
1 August
1 October
1 December

1883.

1 June 8.60 2.97 0.0080 0.176 0.0173

1884.

5 September 8.30

2 December 8.55

1 April 11.00
H May 6.50
2 June 7.25
2 July 6.50
2 August 7.25

2 September 6.50
4 October 7.50
1 November 7.00
1 December

3 January 6.501
1 February 7.00
2 March

April 7.15
May 6.94
June 9.50

Total Hard- Albuminoid Combined
solids. ness.

1877.

ammonia. Chlorine. nitrogen.

7.94 3.81 0.2441

7.56 3 38
6.08 3.03
6.05 2.86

6.70 3.22
8.24 3.76
7.98 3.70
7.98 3.67
7.75 3.53
8.75 2.93
7.52 2.75 0.0156*
6.82 2.68

1878.

0.00921

7.05 2.94 0.00531 0.2951
6.39 2.43
5.82 2.20
6.33 2.36
6.87 2.66
7.13 2.97

7.31 3.68

8.56 3.30
7.97 3.07

8.50 3.22
7.98 3.14 0.01301
6.29 2.73

1879.

7.36 2.92
6.46 2.88
6.11 2.72
5.78 2.54 0.00951 0.2951

6.57 3.18

1880.

1881.

0.0080

0.0086

0.2131

6.87 0.0115§
0.0070

0.0198
6.90 2.32

1882.

0.0140

0.0142
0.0163

0.0122

0.212 0.0181

0.0217
0.01631
0.0330

8.80 3.05 0.0092 0.207 0.0192

4.02 0.0243 0.182 0.0442
4.991 0.0125 0.316 0.0572

1885.
4.73 0.0090 0.278 0.0403
4.18 . 0.0126 0.296 0.0417
4.41 0.0105 0.287 0.0420
4.30 0.0095 0.252 0388
4.46 0.0115 0.296 0.0478
4.52 0.0127 0.208 0.0424
4.521 0.0148 0.262 0.0468
3.84 0.0140 0.312 0.0480
3.73 0.295

1886.
3.41 0.0076 0.301 0.0440
2.94 0.0060 0.381 0.0530
2.55 0040 0.243 0.0460
3.42 0.0095 0.304 0.0510
3.21 0.0067 0.242 0457
3.93 0.0054 0.308 0.0483
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No. of Re- Total Hard- Albuminoid Combined
suits. Month. solids. ness. ammonia. Chlorine, nitrogen.

1887.
2 August 9.25 4.50 0.0055 0.230 0.0485
2 September 6.75 4.05 0.0115 212 0.0430
1 December 9.00 .... 0.197

1888.
3 January 5.87 3.39 0.0047 0.239 0.0483
5 February 6.14 2.99 0.0056 0.227 0584
4 March 5.51 2.90 0.0115 0.194 0.0796
4 April 5 68 2.89 0.0124 0.190 0.0642
5 May 6.52 3.70 0.0097 0.208 0.0484
4 June 7.28 4.65 0.0116 0.181 0.0432

4 July 7.35 4.69 0.0061 0.202 0.0392
5 August 7.28 4.32 0.0086 0.199 0.0326
4 September '.25 3.84 0.0096 0.195 0.0356

5 October 7.07 3.59 0.0058 0.185 0.0294
4 November 7.98 4.06 0.0062 0.211 0.0390
4 December 7.15 3.68 0.0035 0.210 0.0432

* Average of 3 results, t Average of 4 results. J One result. § Average of 12 re-
sults. *ti Average of 2 results.

These monthly averages are plotted on the plates accompanying. The
scale of total solids and hardness is that given on the left of the plates.

That of albuminoid ammonia is multiplied by 100, that of chlorine by 10,.

and that of combined nitrogen by 100, so that they may be represented

by the same. The form of the curves suggesed to me the possibility

that the fluctuations in the quantities depended upon the amount of

rainfall or upon the amount of flow of water, The monthly results for

each of these items are published in the New Croton Aqueduct Commis-
sioners' Report, 188&-7. Mr. George W. Birdsall, C. E., Chief Engineer

of the Croton Aqueduct, has kindly furnished me with the results for

1887 and 1888. The tables are also published in my Report to the State

Board of Health, pages 8 to 11. I append the annual summaries, think-

ing the whole table too long to reproduce in this paper. One particular

reason for reproducing the summaries is to call attention to the enor-

mous increase in rainfall and flow of river in the years 1887 and 1888, to

which attention will again be called in discussing the curves plotted on

the plate.

Flow of Croton River and Rainfall on Water-shed.

Year. Flow of river, in
gallons.

Flow of river, in
inches over en-
tire water-shed.

Rainfall in
inches.

Flow of river in
per cent, of rain-
fall.

1870 127,198,225,000 21.38 44.63 48
1871 126,081,752,000 21.19 48.94 43
1872 114,179,135,000 19.19 40.74 47
1873 165,841,078,000 27.88 43.87 64
1874 159,739,632,000 26.85 42.37 63
1875 164,588,505,000 27.67 43.66 63
1876 148,106,829,000 24.89 40.68 61
1877 132,244,815,000 22.23 46.03 48
1878 171,676,658,000 28.86 54.14 53
1879 136,028,615,000 22.87 46.08 50
1880 91,117,423,000 15.82 38.52 40
1881 119,926,645,000 20.16 46.33 44
1882 150,833,641,000 25.35 55.20 46
1883 94,876,593,000 15.95 43.15 37
1884 151,180,907,000 25.41 53.71 47
1885 115,903,402,000 19.48 45.99 42
1886 132,294,573,000 22.24 47.59 47 V
1887 167,826,000,000 28.38 61.63 46
1888 224,943,000,000 37.81 63.51 59
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The monthly results for flow of water and for rainfall are plotted on

Plate I. The scale for rainfall is that at the left. The results for flow of

river are divided by 10,000,000,000, so as to be represented by the same.

An examination of the various curves drawn through the plotted points

will show their interdependence. To show in other ways the extent of this

interdependence, I have plotted curves of.yearly averages of the results for

each constituent of the water, and corresponding curves for flow of

water, using for this latter curve in each case only such months in each

year as have results for the constituent of the water under comparison.

I have also plotted a series of curves showing the averages for each

month during the whole series of years, using the same method of con-

structing the curve for flow of water as before. These curves are given

on Plate II.

It should be distinctly understood that the number of results upon
which some of the points in these latter curves depend is too small, and
they are too much scattered for their indications to carry much weight.

They are given for what they are worth. An examination of the table

accompanying, from which the main curves are plotted, will show the

necessity for this caution.

Bearing this in mind, it may be said that the curves present the follow-

ing indications:

Total Solids.—-It is quite evident from all the curves that there is a

close connection between the amount of " total solids " and the flow of

water, the amount of solids decreasing as the amount of water increases.

The curves of yearly averages show no marked increase or decrease with

time of this impurity, the fluctuations with amount of flow of water

being sufficient to conceal any slight change there may be. It should be

remarked that the amount of rainfall and flow of water in 1837 and 1888

is one-fourth to two-thirds greater than the average for the 17 years

preceding, so that an appreciable decrease in total solids in the latter

year is observed, and that this decrease should, therefore, not be attributed

to improvement in the purity of the water.

Hardness seems to follow closely the same rule as total solids. How-
ever, the indications of the curve of yearly averages are that there has

been an appreciable increase in hardness with the time.

Albuminoid Ammonia.—I am unable to recognize any connection be-

tween these curves and those of flow of water or of rainfall, the

results prior to 1885 being insufficient in number to give a basis on
which to form any opinion. The curve of monthly averages for the whole
series of years indicates some such variation with the season as might
be anticipated if albuminoid ammonia is taken to be an indication of

vegetable pollution, the amount being greatest in the fall months of the

year, when there is most decay of vegetable matter, and generally full

opportunity for such matter to reach the streams through winds and rains.

It should be remarked that Wanklyn, one of the originators of the

ammonia process of estimating organic pollution of water, utterly con-

demns any water which contains over 0.015 part in 100,000 of albuminoid

ammonia, and considers a water containing over 0.010 part as suspicious.

It will be observed that a large part of the results given in the table are

above 0.010 and a few are above 0.015. The wholesomeness of the water
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cannot be successfully attacked in this manner, however, for waters

known to have rone but harmless vegetable pollution sometimes far ex-

ceed the above results. Allowances for such harmless matters must be

made in each locality, and no hard and fast standard of purity can be

laid down to be applied indiscriminately. The comparison of numerous
analyses of a water at different times should be made to determine, not

the absolute impurity in the water, but the increase or decrease in the

amount of such impurity. The number of results in our case for albu-

minoid ammonia are insufficient to justify any conclusion as to increase

or decrease of pollution.

Chlorine again has some dependence upon the flow of water, the in-

crease in this case being with the increase in amount of flow of water,

and the decrease with a corresponding decrease in the curve of flow.

The connection between the two curves is not so close as in the first two.

The conformity of the chlorine curve to the curve of flow of water seems

to be disturbed in some places by the curve of rainfall. This may pos-

sibly be explained in the following manner: A heavy rainfall washes the

earth thoroughly and sweeps into the streams a larger amount of or-

ganic impurity than ordinarily reaches them, a quantity enough larger

to increase the relative as well as the absolute impurity. Should the

upper reservoirs of the system of water supply not be full, a portion of

this rainfall will be used in filling these reservoirs, and so will not show
in the flow of water at the Croton dam, while the amount of chlorine in

the water flowing at the dam will be increased. The connection, even

with this explanation, is not always close in the curves of monthly aver-

ages, nor in the curves of monthly averages for the series of years. It is

closer in the curve of yearly averages, except for the drop at the end. It

is suggested that this drop may be due to the enormous rainfall of the

years 1887 and 1888, having washed the ground comparatively clean and
kept it so. The caution respecting paucity of results for many points in

the two latter curves is repeated.

Combined Nitrogen.—We have quite a close connection between this

curve and that of flow of water, the increases and decreases being

nearly always simultaneous in the two curves. A considerable in-

crease in nitrogen with time is indicated, but there is a corresponding

increase in flow of water of nearly as great a proportional amount, so

that the actual increase in pollution with time is probably small. There

is possibly some such variation with the season as was indicated for

albuminoid ammonia, but it is pretty well covered up by the greater va-

riation with flow of water. There are but few results on which to base

this curve except for the years 1885-6 and 1888.

The general conclusion to be drawn from all the curves is to the effect

that the chemical analyses show very little, if any, increase in pollution

of the Croton water supply. When the meagreness of results for all the

the items given, except total solids and hardness, is considered, and the

abnormal rainfall and flow of water in 1887 and 1888, in which latter

year the only complete series of analyses for a calendar year is presented,

I think it can be safely asserted that the case for or against the Croton
water as depending upon chemical analyses, must be put in the category

of "not proven" and that further data must be obtained before any
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•opinion as to the comparative purity of the water can be advanced upon

their authority. Such data will be available in the future if the present

policy of the City Health Department is carried out. The present sys-

tem was begun in January, 1888, and consists of a complete analysis of

the water as to its organic impurities each week, with daily estimations

of chlorine, organic and mineral matters and total solids.

II. Testimony as to the actual fact of pollution entering the streams

tributary to the Croton Aqueduct is offered by a report on an inspection

of the Croton water-shed, made by Alfred Lucas to Cyrus Edson, M. D.,

Chief Inspector of the city Health Department, in 1885. A tabular state-

ment of the results in that report is printed in my own report to the

State Board of Health, pages 13 to 46. The following summary will

show his estimate of the number of sources of actual pollution to the

water supply at that time :

No. of houses and privy vaults 1,879 Cider mills 3

Barns and barnyards 602 Iron mines 2

Cows 9,438 Carriage factories 3

Horses 1,284 Slaughter houses 4

Pigs 1,501 Condensed milk factories 1

Sheep 20 Tanneries 1

Saw and grist mills 30 Cement factories 1

Cemeteries 5 Woolen mills 1

Blacksmith shops 19 Machine shops 1

Additional information of this character was obtained by myf elf in mak-
ing an inspection for the State Board of Health. Assisted by Prof. A. E.

Phillips, of Lafayette, Ind., a Member of this Club, I spent July,

August and September of last year in the field work. Mr, Euoil Kuich-

ling, C. E., was Consulting Engineer. Our plan of operations was to

traverse the whole country with such maps in hand as were obtainable'

and to locate upon such maps the streams and the sources of pollution to

those streams. At the same time all houses and outbuildings of what-

ever description were located upon the maps, and an idea was obtained

of the character of the rocks and soil, of the slopes, and of the ease with

which offensive matters could reach the streams or ground water un-

purified, under the various conditions of soil and slope, all to obtain a

basis upon which to form an estimate of the distances from streams and

water courses to which it would be necessary to remove the drainage

of houses and other buildings to insure the practical purification of

the same before it reaches the streams. More detaded inspections

of villages and hamlets were made, as the amount of possible pollu-

tion in a given space is here much increased, and the loca-

tions are made upon sketches of larger scale. The villages were

also studied with reference to their adaptability to the various sys-

tems of sewage disposal that are in vogue, in case it is deemed safest

and most economical to dispose of the village wastes as a whole. The
sources of general pollution, such as vegetation in streams, swamps,

reservoirs, etc., manured fields, roads and streets received their share of

attention. About 75 or 80 photographs of sources of actual pollution

were obtained, and also a series showing the character of the bed and

banks of the proposed new Quaker Bridge reservoir. These photographs

give samples of the character of the pollution to which the water is

subject. It would evidently be impracticable to show in this manner
any very appreciable percentage of the whole number. Th ; s informa-
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tioD, with the addition of that in the report of Mr. Lucas and in that

of Professor Waller on chemical analyses, with reproductions of 65>

of the photographs, and a chapter of recommendations and suggestions,

constitute my report to the State Board of Health, a copy of which
is presented herewith for your inspection.

The following table gives a numerical summary of the results of my
inspection:

Total number of houses on water-shed 5,056
outbuildings on water-shed . . 5,612'

houses requiring special attention (i. e., draining directly into
water) , 2.843

outbuildings requiring special attention 3,293
cemeteries 83

Of these the following numbers are in villages :

Total number of houses in villages 2,136
outbuildings in villages 1,406
houses in villages requiring special attention 1,033
outbuildings in villages requiring special attention 821
cemeteries in villages 28

When the greater density of population in some of the villages is con-

sidered, it would seem probable that almost every house in a village

would be a source of more or less direct pollution to the ground water
or the streams, and should be brought under the provisions for the re-

moval of organic wastes from the premises. In the above table the

numbers requiring special attention are only those which are evident

sources of direct pollution.

I append a description of the village of Brewster, and descriptions of

Plates LIII and LIV as a sample of the methods of treatment.*

Brewster is the largest village on the water-shed. While but little

larger than what has been included in Mount Kisco in Table IV, it is

more compactly built, and is more of a manufacturing and business

place, so that it is a much greater source of pollution to the Croton wa-
ter than any other village. Mr. Lucas' report, pages 27 and 28, gives

details of many of the sources of direct pollution. The sketch on Plate

IV shows these, and others, and also shows by the contour lines the gen-

eral course of the surface drainage. Photograph B 1, Plate LXI, shows-

the drainage of a slaughter house near Tonetta Brook, above Brewster,,

beyond the limits of the sketch. B 2 to B 4, Plates L to LII, together

give a view of the village and a prolongation of it to the southwest down,

the river. B 5 to B 10, part of which are reproduced in Plates LIII to

LVII, give details of special sources of pollution. The surface drainage

from the principal part of the village runs almost directly into Tonetta

brook, and is a source of much pollution to that brook. The sewers-

which enter the brook under the main street are an additional source of

concentrated pollution, since the supply of water to the sewers is quite

small. The soil seems to be quite as open here as elsewhere, so that

the drainage from it is daily increasing in richness. I think it

probable that as good a plan as any for treating this vil-

lage is to supply it with a complete system of sewers, for which its

topography well adapts ir. As indicated above, there has

been something done in this line already. There are two or three places

where the liquid sewage can be disposed of on the land as suggested on

page 154, and will be efficiently purified before entering the water-

* None of the plates here referred to are reproduced in the Journal.
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courses, all below the level of the village, so that the sewage need not

be pumped. These are all near the river, so that very great care should

betaken in maintaining the disposal works. It may be deemed advisable

to divide the sewer system into two or three parts, and run part of it on

each of two or three plots of ground. The proposition discussed on page

156 would locate a garbage and refuse destructor near the intersections

of the three railroads, at the northern end of the village, to which all

refuse from the villages on those railroads would be carried. If such a

destructor is erected it may be found to be more economical to use some
method of dry removal in this village, the refuse being carried directly

the destructor. The village of Southeast Centre is but a short distance

to the east of Brewster, and it will be worth while to discuss the two
villages together in determining upon a sewerage system. One advantage

of a water-carriage system in these villages, as in the cases of Carmel
and Lake Mahopac, will be that by a proper arrangement it may be

possible to run a portion of the earlier street drainage, in case of a rain-

storm or of the melting of snow in the spring, into the sewers, and thus

obtain a purification of this water, which is certainly in a high degree

polluted with animal matter.

Plate LIII, Brewster, 5.—A view of the rear of the buildings shown
in 3. The East Branch runs, as shown, from left to right, under the

foot-bridge seen in the centre. This shows the proximity of the houses,

barns, privies, and so forth, to the river. The field in the fore-ground

with the barn at the left is subject to overflow by floods. There seem
to have been no precautions taken to prevent organic wastes from reach-

ing the river, and in some cases there is even a utilization of the stream

for carrying off such wastes. Two, 3 and 4 were taken from a point

about half-way up the slope on the extreme right of this picture. Lo-

cated on Plate I.

Plate LIV, Brewster, 7.—Is a view taken in the culvert which con-

veys Tonetta Brook under the main street of the village. The culvert

turns quite an angle and the view is taken looking up stream from a

point just within its lower end. In the large black hole at the left of the

centre are the outlets of two sewers which seem to come from the direc-

tions of the two branches of the main street, one coming from the

east and the other from the north. At the top of the right wall of the

culvert, at the right of the centre, is seen a small pipe, egg-shaped in

cross section, which is the outlet to a third sewer. A little to the right

of this is seen a slimy deposit upon the wall, which indicates the outlet

of a drain from water-closets in the bank building which stands just

above, in the middle of the space formed by the street intersections, as

shown in the sketch of the village, Plate IV. The last two mentioned
are in active use, as was demonstrated to us while taking the photograph.

The first two are those described by Mr. Lucas in his report, item 215 of

Table III. All are sources of organic pollution, in the form principally of

human excrement, and their discharge into the stream should be strictly

Tjrohibited. Located on Plate IV, sketch of Brewster.

I also give the suggestions referred to in the above description of

Brewster as to disposal of sewage.

Bd. Independent Sewerage for Villages.—There are four principal
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sources of organic pollution from villages, (1) the human excrement; (2)

animal excrement; (3) garbage; (4) street and area sweepings and dirt.

The first, second and possibly the fourth, can be removed by a system of

water carriage. The second would probably not be so removed from
choice, owing to the desire to use it as a fertilizer, and the third could

not be so removed.

Should all three or the first and fourth be removed by water carriage,

a "combined" system of sewers would be lequired, admitting to the

sewers surface drainage as well as house sewage. This sewage could not

be permitted to enter the water-courses without purification. To take

care of the water flowing from the sewers in times of heavy rain, sewage
treatment works of comparatively large size, or large storage tanks

would be necessary, and the sewage would be at times very dilute.

Should storm-water overflows be provided, a certain amount of sewage,

small in proportion to the amount of water flowing, but still almost the

whole amount from the village during the time of action of the over-

How, would flow into the streams. This would not be permissible in the

present case.

Should a " separate" system of sewerage be decided upon for a village,

sewage-disposal works upon a much smaller scale would be necessary.

The treatment of street drainage would then be a problem by itself, and
it might be possible in such case to secure the earlier washings of the

streets during storms for purification, and allow the later, less defiled

portions, to escape into the water-courses. Where the roadways are

paved or improved, this part of the problem might be rendered easier to

solve by removing the street dirt by dry removal with the garbage, leav-

ing but a small proportion of it to be treated in the drainage water.

Of the systems of sewage disposal there are many varieties, which may
be gathered into three general classes—the chemical treatment to pro-

duce a clarified effluent; filtration, constant or intermittent, through

natural or artificial filters, and irrigation on or under the surface.

It is believed that no chemical treatment yet devised will give an efflu-

ent sufficiently purified to be at all times absolutely safe for admixture
with drinking water. It will, therefore, in general, be necessary to use

some one of the other methods of purification mentioned, as an adjunct

to the chemical treatment. The sludge precipitated from the sewage in

the chemical treatment must necessarily be completely deodorized to

prevent nuisance, and should then be removed. Its use upon land in the

immediate vicinity of water-courses, or in large quantities simply upon
the surface of the land without being incorporated therewith, should be

prohibited. Since its value as a fertilizer is very small, it will be well to

destroy it entirely. This may be done by drying it or mixing it with

some combustible material to increase its consistency, when it may be

carried to the garbage destructor suggested in the following article on

dry removal systems, and there consumed.
Filtration of sewage through natural or artificial media properly re-

quires a previous sedimentation and straining out of the solids, together

with their deodorization, in order to prevent nuisance arising from the

filter beds. This can be best attained by some chemical process and its

adjuncts. There are many systems of filtration, from the most elaborate
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artificial filter to a simple bed formed of natural soil. Most of the meth-

ods require intermittent action, at least to the extent of changing filters

for purposes of cleaning. For the efficient filtration of the liquid through

the earth, intermittence of action is absolutely indispensable. For any

system chosen, the requirements are freedom from obnoxious odors and

purity of effluent.

Irrigation, whether broad or sub-surface, also requires the removal of

solids from the sewage to prevent nuisance, or to prevent clogging of

the sub-surface pipes. Greater areas of land will be necessary for the

application of the system of broad irrigation than of that of filtration,

osving to the necessity of caring for the growing crops. The system of

sub-surface irrigation seems to work fairly well, with proper attention,

for small amounts of sewage. Larger amounts should probably be di-

vided and run into several small plots rather than into one large one.

Systems of intermittent filtration through land and of broad irrigation

will require special attention in the winter season. Thorough chemical

treatment to give as pure an effluent as possible will then be necessary to

prevent nuisance. It is believed that in most cases, and in the weather
of most winters, there will be but little, if any, trouble found in running
the clarified effluent over the land as usual, if great pains are taken dur-

ing the cold season to procure as pure an effluent from the precipitation

works as possible. However, there is always a risk of nuisance arising

from defects, more or less temporary, in the working of the system dur-

ing the cold season.

Should the street drainage be collected as a whole, or only its more
polluted portions, it could be run through similar processes to those

above described. Should no system of street cleaning and dry removal
of the refuse be adopted some method of purification would generally

be necessary. It would be best to adopt one in any case.

Be. Dry Removal. Of the four principal sources of organic pollution

from villages, mentioned above, the garbage must be treated by a system

of dry removal, and all four may be. The systems of dry removal may
be classed as (1) the pail system, including in this term all methods of

removal by the use of portable receptacles; and (2) the pneumatic
systems. The requirements in any case are freedom from nuisance,

both in use and in removal, thoroughness and completeness. It is prob-

able that some pail system will be found to be the cheapest and in many
respects the most satisfactory in nearly all cases. It is hard to see how
any other method can be applied in some instances. A thorough

system, carefully conducted with the above requirements in mind, is

what is necessary. Such systems of various forms are in existence of

all grades of performance of the duty desired of them.

The disposal of the collections of human and animal excrement, gar-

bage and street dirt, as well as of the sludge from the chemical treat-

ment of sewage, is a serious problem, for which the following solution

is offered. Nearly all the villages on the water-shed—all that should

have a system of removal of wastes extended over their whole area—are

situated on the railroads, of which there are three, the Harlem division

of the New York Central & Hudson River Railroad, with Mt. Kisco,

Bedford Station, Katonah, Golden's Bridge, Pardys, Croton Falls,
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Brewster, Dykeman, Towners, Patterson and Pawling on its main line,

and Somers Centre and Lake Mahopac on its Mahopac branch, and
Somers but a short distance away; the New York & Northern Railroad,

with Mertens, Kitchawan, Croton Lake, Yorktown, Ainawalk, West
Somers, Baldwin Place, Lake Mahopac, Crafts, Carmel, Tilly Foster and
Brewster on its main line, and Mahopac Falls and Mahopac Mines on its

Mahopac Mines branch; andthe New York &New England Railroad, with

Reynoldsville, Towners. Dykeman, Brewster and Southeast Centre on

its main line. These lines all converge in the northern part of the

village of Brewster. It would be easy to locate a crematory or garbage

destructor near this point, and to transport the solid refuse and the

semi-solid refuse after admixture with suitable other matter to give it

proper consistency, by means of cars from the various villages to such

destructor. One central furnace can thus be made to do the work for

practically all the village?, and an economical solution of the problem is

thereby offered. The amount of material to be thus disposed of can be

approximately estimated by a consideration of the various villages, and

it will be found that the expense of transportation and combustion will

be a comparatively small proportion of the cost. In some places it

would be quite difficult to dispose of the solid refuse in any way except

bv burning, without danger of nuisance or of pollution of the water, and

in all cases it would be necessary to exercise extreme care to obviate

these dangers.

Should the animal excrement in villages not be removed at frequent

intervals by any of the methods suggested, but be preserved for use as a

fertilizer, strict supervision should be exercised over its manner of keep-

ing to see that none of it, nor any drainage from it, reaches the water-

courses unpurified.

III. Under the laws of the State of New York the State Board of

Health is authorized to make rules for the preservation of the purity of

the water supply of any city or town, which rules shall have the force

of law. Last June the Mayor of the City of New York requested the

State Board of Health to make such rules for the water-sheds from

which that city draws its supply. My inspection was made to obtain

detailed information upon which to intelligently proceed to the fram-

ing of such rules. I abridge from the report of the State Board the

following as the shortest statement of the principle of procedure.

The general principle upon which we have proceeded in framing the

accompanying rules is as follows:

"First. The establishment of a marginal zone around every lake, pond

or reservoir adjacent to every spring, stream or natural water-course of

any kind on the entire water-shed of the Croton River, and on those

portions of the water-sheds of the Bronx and Byram rivers now used

for the water supply of the city of New York. The width of said zone

adjacent to the lakes, ponds and reservoirs has been taken at fifty feet;

while for that adjacent to the tributaries the nominal distance of thirty

feet has been prescribed. From these zones it is the purpose of the

rules to exclude all kinds of contamination upon or below the surface

of the ground.

"Second. Recognizingthefact that many habitations and vested interests
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are adjacent to the lakes, poods and reservoirs and their tributaries,

which must be considered, a second zone has been established adjacent

to the first named which is 200 feet wide around lakes, ponds or reser-

voirs, and 100 feet wide around or along tributaries. Within this zone it

is the intention to prevent defilement of the surface soil and the subsoil;

and to this end restrictions as to the manner of maintaining sources of

actual or possible pollution have been made. The restrictions are based

upon the fundamental principle that the accidental deposit of solid

organic wastes must be retained upon the surface of the ground or trans-

ferred by natural agencies over such distance as will render their entrance

into the waters highly improbable. While the State Board of Health, in

establishing these limits for filtration or percolation of sewage

through soil, does not fix the same as absolutely safe under

all circumstances, yet, in considering the general topographical and geo-

logical characteristics of the water-sheds lying in the counties of West-
chester, Putnam and Dutchess, it is thought that such limits will afford

reasonable guarantee of the resulting discharge being safe when not in too

large volume. To provide for every conceivable condition is manifestly

impossible, and hence only general rules can be formulated. When the

rock or other impervious stratum is covered only by a thin layer of very

porous material, like gravel, or when the entire subsoil is formed of such
material, this distance must obviously be increased. On the other

hand, when, owing to the topographical peculiarities, it is impossible to

comply with the strict provisions of the above rules, proper modification

may be permitted by the substitution of such devices or constructions

as shall receive the special approval of the State Board of Health.
" With reference to the tributaries to lakes, ponds and reservoirs, the

limit in which restrictions have been imposed have been taken some-
what smaller than in the case of the larger bodies of water, in view of

the fact, that before such polluted matter can reach the reservoirs or

ponds from which the supply is taken, it is probable, that certain purifi-

cation will have been accomplished by flow through a greater or less

length in open water-courses, and by the exposure of such matter to the

modifying or destroying influences therein contained.

" While the rules do not enumerate all possible sources of pollution, or

even all those which have been specified in the engineering l-eport, it has
not been thought expedient to encumber them with a multitude of de-

tails, the execution of which would, in all probability, be performed by
aqueduct commissioners or their agents spontaneously. In this class of

details may be placed the drainage and improvement or exclusion of

swamps, bogs and marshes, and the removal of improper surface vegeta-

tion, the excavation of shallow places in the reservoir, the removal of

deposits and shoals more or less impregnated with organic matter that

have accumulated at the mouths of the tributaries of the various lakes,

ponds and reservoirs; the location and construction of roads and high-

ways in such a manner that the drainage waters therefrom shall be in-

sured a reasonable degree of purification by flow through or over the sur-

face of the land before reaching the principal water-courses or stored
waters."

The following is the series of rules adopted. Similar, but less elabor-
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ate sets of rules are in operation on the water-sheds of the water supplies
of several towns and cities in the State.

RULES AND REGULATIONS.

Privies Adjacent to Lakes, Ponds or Meservoirs, and Water-Courses.

First—So privy, or place for the deposit or storage of human excreta shall he con-
structed, located or maintained within 50 feet, horizontal measurement, of the high-
water mark of any lake.pond or reservoir, or within 30 feet, horizontal measurement,
of the high-water mark or precipitous bank of any spring, stream or water-course of
any kind, tributary to said lakes, ponds or reservoirs on the entire water-shed of the
Croton River, or on those portions of the water-sheds of the Bronx and Byram rivers
now used for the water supply of the city of New York.
Second.—'So privy vault, pit or cesspool, or non-transportable receptable of any

kind for the reception or storage of human excreta shall be constructed, located or
maintained within 250 feet, horizontal measurement, of the high-water mark of any
lake, pond or reservoir, or within 130 feet, horizontal measurement, of the high-water
mark or the precipitous bank of any spring, stream or water-course of any kind on
the entire water-shed of the Croton River, or on those portions of the water-sheds of
the Bronx and Byram rivers now used for the water supply of the city of New York.
Third.—Every privy, or place for the deposit of human excreta, which is

constructed, located or maintained between the aforesaid limits of 50 feet
and 250 feet, horizontal measurement, of the high-water mark of any lake,
pond or reservoir, or within the limits of 30 feet and 130 feet, horizontal
measurement, of the high-water mark or precipitous bank of any spring,
stream or water-course tributary to such lakes, ponds or reservoirs, on the entire
water-shed of the Croton River, or on those portions of the water-sheds of the Bronx
and Byram rivers now used ,for the water supply of the city of New York, and from
which the said excreta are not at once removed automatically, by means of suitable
water-tight pipes or conduits, to some proper place of ultimate disposal, as herein-
after provided, shall be arranged in such manner that all said excreta shall be re-
ceived and temporarily maintained in suitable vessels or receptacles, which shall at
all times oe maintained in an absolutely water-tight condition, and which will admit
of convenient removal to some place of ultimate disposal, as hereinafter set forth.
Fourth.—Whenever it shall be found that owing to the porous character of the soil,

the height and flow of the surface and subsoil waters, the steepness of the slopes,
or other special condition of the locality, the excremental matter from any privy,
cesspool or other receptacle for human excreta, situated within the limits hereinbe-
fore provided, may be washed over the surface or through the subsoil into any lake,
pond or reservoir, or into any spring, stream or water-course tributary to such lake,
pond or reservoir on said water-shed of the Croton River, or on those portions of the
water-sheds of the Bronx and Byram rivers now used for the water supply of the
city of New York, without having been thereby, in the judgment of the State Board
of Health, sufficiently purified, then the said privy, cesspool or o ther receptacle for
human excreta shall, after due notice to the owner thereof, be removed to such
greater distances from said high-water marks as shall be considered safe and proper
by the State Board of Health.
Fifth.—All said receptacles for human excreta must be provided with tightly-fit-

ting covers, which shall be securely applied during the process of removal, so that
no portion of the contents of said receptacles shall escape therefrom while being trans-
ported from the privy to the place of ultimate disposal.
Sixth.—A. sufficient number of duplicate receptacles of said general description or

character shall be provided, so that when one of the same is removed from the privy
an empty receptacle may at once be substituted in its place.
Seventh.—All such receptacles, when filled, shall be removed to some place of ulti-

mate disposal as hereinafter provided, and said receptacles themselves shall be
thoroughly cleansed and deodorized as often as may be found necessary to maintain
the privy in proper sanitary condition, and to prevent an overflow of the excreta upon
the soil or floor of said privy.
Eighth.—The excreta collected in the aforesaid receptacle shall be removed to

some convenient place of ultimate disposal, which shall be not less than 250 feet
from the high-water mark or precipitous bank of any lake, pond, or reservoir, and
not less than 130 feet from the high-water mark or precipitous bank of any stream,
spring, or water-course of any kind on the entire water shed of the Croton River, or
on those portions of the water-sheds of the Bronx and Byram rivers now used for
the water supply of the city of New York, and from which they cannot be directly
washed by rain, or melting snow, or otherwise over the surface of the ground into
any lake, pond, or reservoir, or into any spring, stream, water-course, channel, or
well which is tributary thereto on the entire water-shed of the Croton River, or en
those portions of the water-sheds of the Bronx and Byram rivers now used for the
water supply of the city of New York.
Ninth.—In the absence of any other manner of disposal of the excreta collected as

aforesaid, which is not specifically approved by the State Board of Health, after due
submission to said Board, the said excreta shall be disposed of by digging the same
into the surface soil or by burial in trenches of moderate depth in places where the
character of the subsoil and the depth of the ground-water level will afford ample
security both against the undue pollution of such ground-water and the soil itself,

and for the efficient filtration of the liquid contents of the said receptacles,
Tenth.—The removal of the aforesaid receptacles from the privies shall be con-

ducted in such manner as to cause as little inconvenience or annoyance to the occu-
pants of the premises as is compatible with proper management of the work.
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House Slops, Sink Wastes, Laundry Water and other Similar Sewage.

Eleventh.—-No sewage, house slops, sink wastes, water in which clothes or bedding
ha re been washed or rinsed, nor any other polluted water or liquid shall be thrown
or discharged directly into any lake, pond, or reservoir as aforesaid, or into any
spring, stream, or water-course tributary thereto, nor shall any such aforesaid
liquid or solid matter or other polluted liquid be thrown or discharged upon the sur-

face of the ground or into the ground below the surface in any manner whereby the
same mav flow into any lake, pond, or reservoir, or into any spring, stream or water-
course tributary thereto within 50 feet, horizontal measurement, of the high-water
mark in anv lake, pond, or reservoir, or within 30 feet of the high-water mark or the
precipitous'bank of any spring, stream or water-course tributary to said lakes, ponds,
or reservoirs.
Twelfth.—The foregoing rule shall be considered applicable only where the

quantity of such polluted water or liquid wastes is snr 11, such as may
be derived from a single family; but when relatively large quantities of such
wastes are produced and are thrown or discharged upon or below the surface of
the ground at any point beyond the aforesaid limits, in such manner or volume as to
cause the same 'to flow over the surface of the ground, or through it below the
surface, into any lake, pond or reservoir, or into any spring, stream or water-course
tributary thereto, without having been thereby, in the judgment of the State Board
of Health, sufficiently purified, then, upon due notice to the owners or occupants of
the premises from which such discharge comes, the aforesaid distances shall be
increased respectively to such other limits as shall appear j ustifled to said State
Board of Health.
Thirteenth.—In case that human excrement is mingled with any of the aforesaid

polluted water or other sewage, the discharge of the same upon or below the surface
of the ground will be governed by the rule relating to privies.
Fourteenth.—No clothes or unclean objects of any kind shall be washed in any

lake, pond or reservoir, or in any spring, stream or water-course tributary thereto.

Garbage and Refuse.

Fifteenth.—No garbage or putrescible refuse of any kind shall be thrown or dis-
charged directly into any lake, pond or reservoir, or into any spring, stream or
water-course tributary thereto; nor shall any such substances be placed in large
quantities upon or below the surface of the ground where they may be washed into
any lake, pond or reservoir, or into any spring, stream or water-course tributary
thereto, within 100 feet of tbe high-water mark in any lake, pond or reservoir, or
within 50 feet of the high-water mark or precipitous bank of any spring, stream or
water-course tributary to said lakes, ponds or reservoirs.
Sixteenth.—The State Board of Health shall have the right to increase the aforesaid

distances in all cases where, in its judgment, it may appear that injury to the purity
of the water results from the deposit or storage of garbage or putrescible refuse as
aforesaid.
Seventeenth.—Where it become •- impracticable to comply with the foreging rules

so far as the disposal of garbage or putrescible refuse upon or Delow the surface of
the ground is concerned, then suitable water-tight receptacles must be provided and
be so located and maintained on the premises that none of the contents thereof shall
escape and pollute the waters as heretofore indicated.

Manures, Composts and Similar Matter.

Eighteenth.—No stable, pig-sty, hen-house, barn-yard, hog-yard, hitching or stand-
ing-place for horses or cattle, or other place where animal manure accumulates,
shall be constructed, located or maintained within 100 feet of the high water mark in
any lake, pond or reservoir, or within 50 feet of the high-water mark or precipitous
bank of any spring, stream or water-course tributary to said lakes, ponds or reser-
voirs.
Nineteenth.—So stable, pig-sty, hen-house, barn -yard, hog-yard, hitching or stand-

ing-place for horses or cattle, or other place where animal manure accumulates,
shall be arranged or maintained in such manner that the washings or drainage there-
from may flow through open or covered drains or channels into any pond, lake or
reservoir, or into any spring, stream or water-course tributary thereto, without hav-
ing undergone proper purification.
Twentieth.—The foregoing rules shall also apply to composts and to masses of fer-

mented or decayed fruit, vegetables, roots, grain, sawdust, leaves, or other vegetable
substances, which may be used either alone or in a combination with other matter
as manure, or as food for domestic animals.

Dead Animals, Vegetable Refuse and Manufacturing Wastes.

Twenty-first.—So dead animal, bird, fowl, fish or reptilo, or parts thereof, nor
any filthy or decaying matter of animal or vegetable origin derived from human
habitations, barns or stables, nor any putrescible matter or waste product or polluted
liquid from any slaughter-houses, creameries, condensed milk factories, cheese fac-
tories, breweries, distilleries, cider-mills, wine or beer vaults, sugar or glucose
factories, tanneries, woolen- mills, paper-mills, pulp-mills, saw-mills or other manu-
factories, shall be thrown, discharged, drained or washed into any lake, pond or
reservoir, or into any spring, stream or water-course tributary thereto.
Tvjenty-second.—'So dead animal, bird, fish, fowl or reptile, or any part thereof,

shall be buried in the ground within 250 feet of the high-water mark of any lake,
pond or reservoir, or within 130 feet of the high-water mark or precipitous bank of
any spring, stream or water-course tributary thereto.
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Twenty-third.—No live sheep or other animal shall be washed in any lake, pond or
reservoir, or in any spring, stream or water-course tributary thereto ; neither shall
any person swim, bathe or wash in any of said lakes, ponds or reservoirs, or in the
streams tributary thereto.
Twenty-fourth.—The waste liquids which may be polluted with putrescible or

deleterious organic matter from any of the operations above indicated shall all be
thoroughly filtered or otherwise purified before being allowed to escape into any
lake, pond or reservoir, or into any spring, stream or water-course tributary thereto.

Cemeteries.

Twenty-fifth.—No interment shall be made in any cemetery or other place of burial
on the entire water-shed of the Croton River, or on those portions of the water-sheds
of the Bronx and Byram rivers now used for the water supply of the city of New
York, within 250 feet, horizontal measurement, of the high-water mark in any lake,
pond or reservoir, or within 130 feet, horizontal measurement, of the high-water
mark or precipitous bank of any spring, stream or water-course tributary to such
lakes, ponds or reservoirs.
Twenty-sixth.—Whenever it shall be brought to the notice of the State Board of

Health that, owing to the porous character of the soil, the height and flow of the sub-
soil waters, the steepness of the slopes or other special conditions of the locality, the
percolation or drainage from any cemetery or place of burial is polluting the waters
of any lake, pond or reservoir, or of any spring, stream or water-course tributary
thereto, the aforesaid limits within which interments are not permitted shall be
extended as much further from said high-water marks as shall be considered safe
and proper by the State Board of Health.

Provisionfor Appeals to State Board of Health.

Twenty-seventh.—Wherever any system of treating excremental matter from any
dwelling, hotel, stable, factory or other building from which such matter may be
discharged, by means of sub-surface irrigation, filtration, chemical process or other-
wise, has already been established, and now discharges the effluent liquid or solid
matter anywhere within 250 feet, horizontal measurement, of the high-water mark
in any lake, pond or reservoir, or within 130 feet, horizontal measurement, of the
high-water mark or precipitous bank of any spring, stream or water-course tributary
to such lakes, ponds or reservoirs on said water-sheds, such discharge shall no longer
be permitted, but must be carried to some suitable point beyond said limits respec-
tively, unless especially allowed by the State Board of Healtb.

Twenty-eighth.— Wherever any system of treating house-slops, sink-wastes,
laundry-water, stable drainage, factory wastes or refuse, garbage, or any other
putrescible waste matter or the drainage therefrom, by means of sub-surface irriga-
tion, filtration, chemical process or otherwise, has already been established and now
discharges the effluent liquid or solid matter anywhere within 50 feet, horizon-
tal measurement, of the high-water mark in any lake, pond, or reservoir, or within
30 feet, horizontal measurement, of the high-water mark or precipitous bank
of any tributary spring, stream or water-course, such discharge shall no longer be
permitted, but must be carried to some suitable point beyond said limits respect-
ively, unless specially allowed by the State Board of Health.

Penalty.

In accordance with Section 2 of Chapter 513 of the Laws of 1885, a penalty of not
less than fifty nor more than one hundred dollars is hereby imposed upon any cor-
poration, person or persons guilty of a violation of, or non-compliance with any of
the above given mandatory rules or regulations, to be recovered under said act.

At a special meeting of the State Board of Health, held on the 15th of March, 1889,

at the Capitol, in the city of Albany, the foregoing rules and regulations were made,
ordained and established, pursuant to Chapter 543 of the Laws of 1885, for the pro-
tection of the water-shed of the Croton River and its tributaries in the counties of
Westchester, Putnam and Dutchess, and of so much of the Bronx and Byram rivers
and their tributaries in the County of Westchester as are now used for the supply of
water for the City of New York.

Thos. Newbold, President.
Lewis Balch, M. D., Secretary and Executive Officer.

White Plains, N. Y., March 26, 1889.

Pursuant to chapter 543 of the Laws of 1885, as amended by chapter 52 of the Laws
of 1888, 1, Jackson O. Dykman, a justice of the Supreme Court of the State of New
York, in and for the second judicial district, within which district the counties of
Westchester, Putnam and Dutchess are situated, do hereby approve of the foregoing
rules and regulations, made, ordained and established by the State Board of Health
on the 15th day of March, 1889, for the sanitary protection of the Croton River and
its tributaries, and so much of the Bronx and Byram rivers as are now used for the
supply of water for the city of New York. J. O. DYKMAN,

Justice Supreme Court.
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BOSTON SOCIETY OP CIVIL ENGINEERS.

June 19, 1889:—A regular meeting was held at the Society's rooms, Boston &
Albany Railroad Station, Boston, at 19:30 o'clock-President FitzGerald in the

chair—forty-three Members and fourteen visitors present.

The record of the last meeting was read and approved

.

Messrs. Charles H. Bartlett, Frank E. Hall, Frederic S. Hunter and Hiram
Nevons were elected Members of the Society.

Mr. George L. R. French, Boston, was proposed for membership; recommended

by H. Bissell and J. P. Snow.

On motion of Mr. Howe the Secretary was requested to convey to Mr. Hiram
F. Mills the thanks of the Society for courtesies received on the occasion of the

visit to the experimental station for purification of sewage at Lawrence.

On motion of Professor Allen it was voted to omit the regular meetings of July

and August.

The President announced that notice had been received which would require the

Society to secure other rooms for its meetings before September next. On motion

Mr. Stearns it was voced to refer to the Government, with full powers, the ques-

tion of procuring other quarters.

Mr. Thomas Doane spoke briefly of a process of vulcanizing wood which had
come to his notice, and which seemed to him worthy of investigation.

Mr. F. F . Forbes read a paper entitled "Algae Growths in Water Supplies,"

which was discussed by Prof. Thomas M. Drown, of Boston, and Mr. G. W.
Rafter, of Rochester, N. Y., and by Messrs. FitzGerald and Stearne, of the

Society

.

[Adjourned]. S. E. Tinkham, Secretary.

WESTERN SOCIETY OF ENGINEERS.

June 5, 1889 :—The 259th meeting of the Society was held at its rooms, 78
La Salle street, Chicago, Wednesday, June 5, 1889, at 7:30 p. M. President E. L.

Cortbell in the chair. The minutes of the last meeting were read and approved.

Applications were placed on file from Andrew Onderdonk, Contractor for new
water tuDnel, Chicago; Max J. L. Towler, Detroit Bridge and Iron Works, De-

troit, Mich. ; H. Russell Smith, Secretary J. B. Smith & Co. ; H. A. Stoltenberg,

Department Public Works, Hyde Park, Chicago.

Upon ballot the following were elected Members of the Society: A. S. Bertolet,

Edward C. Hammond, W. R. Kellogg, William B. Vetterlein, Charles A. Has-

brouck, Wm. Rufus Northway, Louis R. Cobb, Charles A. Arentz, Robert P.

Brown, Daniel W. Maher, De Clermont Dunlap. Alfred G. Riter, Jules E. Roem-
held, Augus Ziesing, John F. Wallace, Urban H. Broughton, G. W. G. Ferris,

Eugene A. Rudiger, H. L. Bridgman.
The President called for reports of standing and special committees, but none

were forthcoming.

The next in order being unfinished business, the vote upon the revised Constitu-

tion was taken np. Some of the members present drew attention to several minor
details which had been overlooked by the committee, and in all probability by the

letter ballots in the Secretary's hands. These were only vital in bo far as they mili-

tated against the consistency of the Constitution and By-laws as a whole, and
their inviolability as regards the business of the Society.
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Mr. Cooley explained the changes he thought it desirable to make, and Mr.
Strobel also added some suggestions.

In order to place it on record the President called for a vote on the suggestions,

as follows :

Art. 3, Sec. 1, of Constitution, to read :
" Shall be filled without unnecessary-

delay at a meeting of the Society." Carried.

Art. 2, Sec. 3, to read: " The officers, including one trustee, shall be elected by
ballot at the annual meeting in January." Carried.

Additional Section to Art. 4, No. 6, to read :
" Any member who has been a

member for 20 years, or upon the payment of 8100, may become a life member,
in such manner as provided by the By-laws." Carried.

The President appointed Messrs. Cook and Samuels as tellers to count the

ballots. The tellers reported 55 ballots cast, all in the affirmative. Revised
Constitution and By-laws unanimously adopted.

There being no other business before the Society, the President called for

suggestions as to the line of policy to be pursued by the Society in a professional

way.
Mr. Cooley then spoke as follows : I have one suggestion, and that is in regard

to the readiDg of technical papers before the Society. I think that nearly every

one sees all the technical literature, and, perhaps, more than he cares for. Such
papers are very valuable, no doubt, many of them, and should be printed for

general circulation, and those who may be specially interested in them will, of

course, read them as published by the Society. And I think it is sufficient, unless

there be topics in these papers which will call for general discussion, for the Board
of Directors, or the Secretary, to iead the same, to approve them and forward

them for printing, and that the meetings of the Society be devoted to some special

topic, which is of interest to engineers and will promote the good of the profes-

sion. I have had it very strongly in mind this winter—and I have had it

drummed into me for the last two years—the comparative ease with which engi-

neers can produce effects in legislative bodies, and it strikes me that the most use-

ful line in which engineers can work is in securing legislation, National and State,

which may be of utility to the profession. I think our inactivity in that respect

has largely relegated the profession to the sixth story garrets and back rooms, and
if the engineers of the country don't get out and exercise their influence for their

own good, there is no body of citizens who will go out and do it for them. I refer

esDecialy in this connection to our work in Congress, with which Mr. Corthell is

familiar, where a comparatively small body of men, working with rather the

luke-warm support of the profession—on one idea which they have steadily pushed

—have succeeded in presenting a matter of great moment to the country, and

getting favorable reports from both Houses of Congress. The matter has been put

in such shape that it is almost the common consent of the people who know of

what they speak, that it can be put through. I refer to the reorganization of our

National Public Works.

At the beginning of this year the Society had a committee in charge of the

drafting of a bridge law. I know, also, some suggestions were made in regard to

a law which would empower the State Board of Health of Illinois to require that

all drawings and plans for water-works and sewerage should be submitted to the

State Board of Health for approval, very much after the manner in which they

are submitted to the local Government Board in Great Britain. I think you all will

see the utility of these laws, and I am fully persuaded that if a committee of our

Society had devoted the necessary time to it at Springfield this winter, that not

only these laws, but any others which engineers could support, could have been

passed through the legislature. I think these matters should be taken up, and I

hope they may be taken up by committees and discussed in the Society with a
view to some action which may interest the profession.
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A short discussion then ensued as to arrangements of library and access to the

rooms at all times, and also as to the procuring cf professional periodicals, in all

of which progress was made looking to the practical solution of the problems.

The Secretary made some remarks on the question of topical discussions, and

urged that some steps be taken towards providing the subjects.

It was suggested that this was work for the Beard of Directors, to which the

Secretary took exception, as the questions for discussion should come from the

Members of the Society, to be afterwards arranged for discussion by the Board

The President spoke on the subject in the line of securing profitable work for the

Society.

Mr. Cooley suggested the invitation of a Member of the Electrical Society to give

us an evening on motors.

Mr. Feind, in order to make a beginning in the matter, moved that the Secre-

tary give notice to the Members to send individually a list of questions which they

would suggest for discussion. He concluded by saying that the Board of Direc-

tors would tben have a basis upon which to act.

The motion of Mr. Feind was put to vote and carried.

Mr. Strobel again tpoke on the subject of periodicals, which resulted in a motion

by Mr. Cooley that the Library Committee prepare a desirable list of periodicals

and report at the next meeting.

The meeting adjourned until the first Wednesday in July, unless otherwise con-

sidered, of which due notice will be mailed by the Secretary.

John W. Weston, Secretary.

MONTANA SOCIETY OF CIVIL ENGINEERS.

June 15, 1889 :—The regular monthly meeting of the Society was held at the

office of Mr. Beckler, Chief Engineer of the Montana Central Railway, President

B. H. Greene presiding. There were present Messrs. Haven, Herron, Foss, De Lacy,

Haire, Sizer, Eleerl, and as visitors Hon. T. H. Carter, Wm. C. Child, Wm. T.

McFarland and Mr. Burt, of Colorado.

A communicatien was read from Hon. T. H. Carter, Delegate in Congress,

calliDg the attention of the Society to the fact that a committee of the United

states Senate, of which Senator Stewart is chairman, will be in Montana duriDg

the month of August for the purpose of investigating the question of canals and
storage of water for irrigating purposes, and expressing the belief that this

Society could be of very material assistance in furnishing data concerning the

engineering points involved, and that he would take pleasure in procuring tor

the Society all the information he could obtain concerning the irrigation proposi-

tion provided the Society will take up the question, with a view to furnishing the

Senate Committee with data.

Mr. Carter by request addressed the meeting on the subject. He stated that this

matter which had been suggested was of vital interest to the future state of Mon-
tana, and that her resources could never be properly husbanded without the ac-

complishment of a comprehensive system of irrigation. He had been much sur -

prised upon research to learn what a large proportion of the entire earth's surface

could be irrigated. He classed the lands of Montana as one-fifth good agricultural,

three-fifths grazing land and one-fifth mountainous, and that by judicious husband-

ing of waters the three-fifths grazing land could be made good agricultural land,

and that a part of the one-fifth mountainous could be raised to a high state of culti.

vation. He pointed to the fact that the great plains of South America were made
productive through the canals built by Pizarro, hewn through rocks, that had
been productive of reclaiming vast and valuable tracts from the previous classi-

fication of deserts. It was but recently that Congress has taken this matter of

extensive irrigation up for examination, brought about by the restless spirit of
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those seeking new homes. Montana had not received her share of the investiga

tiou due her importance, but is now advancing from that position. Mr. Stewart,

the Chairman of the Senate Committee, Mr. Carter spoke of as an enthusiast upon
the question of irrigation—that upon a visit to his rooms he had found

them full of maps, histories and pamphlets without number, ail

relating to the subject so near his heart, and that he had
found the Senator a close student upon the ancient history of irri-

gation. Mr. Carter said the Senate Committee would wane reliable

data, and from the manner in which this Society had taken hold of other ma (iters

-of public interest, he could not think of a better source from which it could be se-

cured. The methods to be employed to obtain the data he would have to leave to

the Society, but he would venture some suggestions as to the committee's wants,

and leave them for the Society to formulate. He then detailed the specific infor-

mation desired, and thanked the Society for the interest it had manifested in the

subject, and for the privilege of addressing the meeting.

A general discussion followed Mr. Carter's remarks, ani he was asked

many questions relative to the ultimate intention of Congress in the matter, eic.

Mr. Win. C. Child, by request, addressed the meeting upon the subject, stating

many interesting and important features surrounding the general question.

A vote of thanks was tendered Mr. Carter and Mr. Child for bringing this matter

to the attention of the Society.

Upon motion, the Chair appointed the following committee to collate all data

obtainable upon the question of irrigation in time for presentation to the Senate

Committee upon their arrival, the first six named to constitute a subcommittee

:

W. W. de Lacy, Helena; W. A. Haven, Helena; F. L. Sizer, Helena; J. S.

Keerl, Helena; G. O. Foss, Helena; E. H. Beckler, Helena; George Scheetz, Miles

City; James M. Page, Twin Bridges; C. G. Griffith, Great Falls; H. B. Davis,

Deer Lodge; George T. Wickes, Helena; Joseph H. Harper, Butte; E. H. Wilson,

Butte; E. A. Cralle\ Philipsburg.

The Chairman of the Committee named next Wednesday at 7:30 p. M. , at the

Surveyor General's office, the time and place for the first meeting.

A communication was read lrom Mr. E. O. Goodridge stating that his absence

from Montana would be continued for some time, and that he desired to with-

draw from active membership, as provided by Art. 14, Sec. 5, of the By-Laws.

On motion, carried,the withdrawal of Mr. Goodridge from active membership was
allowed and his name placed on the list of Associate Members.

Invitations to the officers of the Society from the Board of Directors of the

American Society of Civil Engineers to attend the Annual Convention held June
SO, 1889, were presented and the Secretary instructed to express to the American
Society the thanks and appreciation of this Society for the kind remembrance.
Mr. Keerl, representative in the Board of Managers of the Association of Engir

Deering Societies, reported that he had been advised by Mr. Benezette Williams,

Chairman of the Board of Managers, that the vote in the Board upon the first

amendment to the Articles of Association was as follows:

For, 8; against, 0; not voting, 3.

A communication from Mr. W. H. Boardman, of the Railroad Gazette, was read,

relative to a binder for the Journal that could be secured at the following price:

One binder, by mail, postage prepaid, 40 cents; awl, for punching holes in maga-
zine, 2 cents; extra for owner's name stamped on cover, 6 cents. A sample of

the binder was exhibited, it being of full cloth binding and very neatly finished.

The Secretary would suggest that those members who desire this binder should

forward their order at once, with price, to Mr. W. H. Boardman, No. 73 Broad-

way, New "Xork City, as the meeting decided not to order the binders for mem
bers, but to leave it to individual choice.

[Adjourned.] J. S. Keerl, Secretary.
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STEAM PLANTS FOR ELECTRICAL SERVICE.

By Wh. H. Bryan, Member of the Engineers' Club op St. Louis-

[Read April 3, 1889.]

Few industries of modern years have shown the wonderful growth that
has characterized the manufacture and use of the various forms of dynamo
electric machinery. Less than ten years ago the arc electric light was
just becoming known and the incandescent lamp was scarcely more than
a curiosity,while the electrical transmission of power was hardly thought
of. To-day there are few towns of 3,000 inhabitants but boast their arc
or incandescent electric lighting plants, and many smaller places are fully
as progressive. In the large towns and cities the great business houses
have then own plants, and central stations whose capacities are measured
by the thousands of horse power are not uncommon. Add to these the
electric railway, which has now demonstrated its success, and we get an
idea of the vast possibilities of this field of energy, which is still in its in-
fancy. While many of the earlier stations did not prove as successful
financially as was anticipated, the test of continuous and regular service
has pointed out the weak places, and they have been remedied. When
carefid business sagacity and caution are exercised—as they must be in any
successful venture—the electrical industries to-day offer excellent returns
to the capitalist. Perhaps the best evidence of this lies in the gross capa-
city of plants now in operation, estimated at 750,000 horse power, and fast
nearing one million.

The world waits impatiently for that immortal inventor whose genius
shall show us how to produce electricity direct from coal. We must take
things as we find them, however. Our boders and furnaces give back in
steam less than 80 per cent, of the energy of the coal burned. This steam
does work in a wofully imperfect engine, utdizing less than 15 per cent, of
the heat units. This engine, in turn, drives the dynamos by which the
electric current is generated. After distribution, the current re-appears in
the form of the electric light—there being a further loss of say 10 per
cent, in each of the last steps. It is evident, therefore, that in the best
plants less than 10 per cent, of the energy in the coal consumed is re-
produced in the form of light. The poor plants, which are far more
common, do notreach 5 per cent.
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And yet within these appallingly low figures there is abundant room
for study. The conversion of fuel into electric energy has caused the de-

velopment of steam plants adapted specially for this service. The busi-

ness of these station is, in fact, the selling of power, and the steam plant

is therefore of prime importance. It is not too much to say that perma-

nent commercial success is conditional, first of all, upon a properly de-

signed steam plar+. Many companies have found, to their sorrow, that a

cheap outfit has proved wonderfully costly to operate and maintain.

Others have shown that a somewhat higher first cost has been fully justi-

fied by reduced expense of operation and greater reliability. The fur-

nishing of electric light and power may now be regarded as a permanent
industry, and the installation of plants presents a broad field of usefuln&ss

to the engineer.

Too often the selection of the motive power is left to some one wholly

inexperienced, who bases his conclusions upon considerations which

are far from being the ones of first importance. The results are

as might be expected. We see on every hand instances of mis-

takes which are costing thousands of dollars unnecessarily in fuel bills, re-

pairs, power wasted, etc. Machinery is now built capable of maintaining

one horse power one hour on one and one-half pounds of good coal. When
we remember that in most plants five to six pounds are required, and in-

stances are not uncommon where it reaches ten and even fifteen, we see

that great improvements are possible. The wonder is, not that electric

fighting has sometimes proved unremunerative, btit that it has ever paid,

under such conditions. The inevitable conclusion is that the fierce compe-

tition which now exists, and which bids fair to continue, will result in the
•

' survival of the fittest" only. That electrical station which builds its

steam plant in strict accordance with the best principles of modem engi-

neering, has already won more than half the battle, and will surely dis-

tance the one in which those principles are considered of minor import-

ance.

Some further explanation of the percentages given above may not be

out of place. A boiler efficiency of 80 per cent, is the best attainable under

ordinary working conditions. The purposes of combustion necessitate agood

draft. This is proportional to the difference in temperature between the

chimney gases and the outside air. (See formula on page 426). It is, there-

fore, necessary to discharge the gases at a temperature considerably above

that of the steam in the boiler.

Nor is the case of the engine as bad as appears at first sight. Its

efficiency also is limited by the range of working temperatures. The
higher the initial temperature of the steam, and the colder it is when
finally discharged, the higher will be the efficiency. This is best shown

y j1

by the well known formulaE~—^=—-, where T1 is the initial and Ts the
J- 1

final temperature of the steam, both measured from the absolute zero.

Practical conditions, however, confine us to narrow limits. High initial

temperatures mean greater pressures, more costly plant, increased liabil-

ity to accident, and difficulty of maintenance and repairs. The lowest tem-

peratures which can be reached in practice are far above the absolute zero

These losses are inherent in the theory of the steam, engine, and but little
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increase of efficiency is possible. As a matter of fact, that engine which
can furnish one horse power with 13 pounds of water evaporated per hour,

is very close to the highest that is possible under the best conditions of

modern practice.

Economy of fuel, however, is not always the most important considera-

tion. Conditions frequently arise which render a sacrifice of fuel neces-

sary to secure other and more desirable ends. The work required of an

electrical station differs in important respects from other plants in public

service. Gas and water works have their storage reservoirs, enabling

their work to be done under conditions favorable to high economy. Elec-

trical plants, however, must supply the current directly as needed. Every
increase or decrease in the number or candle power of the lamps burning

must be instantaneously met by a corresponding change at the dynamos
and steam plant. Tbis state of affairs must continue until some of the

many storage batteries now being exploited are shown to be sufficiently

efficient, durable and cheap to justify their general adoption. Until

then, those plants which do commercial lighting must necessarily,

at times of greatest output, be forced to their utmost capacity, and at

other times do little or nothing. Under such conditions economy of

steam is out of the question. The real efficiency must be measured from
the plant as a whole, and is a problem of considerable complication. To
ascertain the actual cost per lamp hour, the items of fuel, salaries, oil

and other supplies, lamps or carbons, interest, depreciation, repairs, losses

due to poor service, interruptions, etc., must be given due weight. In the

designing of a new station, it is of even greater importance to give each
element of cost its proper consideration. No general rules can be laid

down for guidance in studying a problem as complicated as this one. Some
of the more important factors may, however, be mentioned.

Whatever the general design of the plant, whether arc or incandescent

fighting, or power, whether high or low tension, large or small, whether
fuel is high or cheap, space costly or not, the one condition to which all

others are secondary, is complete reliability under severe and continuous

service. The public has a right to demand, and does demand, that the lights

be always ready, and maintained to their full candle power. An interrup-

tion means, not only a loss which cannot be regained, but an injury to the

standing and record of the enterprise which months of steady running can-

not counteract. Beliability can be secured by using only the best of ma-
chinery, as simple in construction as possible, cared for by good men. The
plant should be divided into such units that in case of accident to any part
of it, that part may be thrown out of service, and the work assumed by
the remaining apparatus, without straining the machinery, or interrupting

the output. Tins means a reserve sufficiently large to carry the work of

any unit of the plant.

The particular electric system in use is the consideration of next import-

ance. The cost of conductors, space required, closeness of regulation ne-

cessary, capacity and number of dynamos, all effect the steam plant. Low
tension systems require costly conductors, and must be located close to the
center of maximum lighting. Ground is here very valuable, and the most
important requirement is to get the plant into the least number of cubic
feet. High-duty engines occupy too much space, and water for condens-
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ing is usually not available. On the other hand, high-tension systems are

less affected by distance and should be located where land is cheap, and, if

possible, where cars loaded with fuel can be switched alongside the boilers,

and where an abundance of water may be had for condensers, or best of

all, where water power is available.

The cost of the ground occupied, therefore, affects the arrangement of

the plant and type of machinery.

The cost of fuel, as compared with its heat value, is of scarcely less im-

portance than the system itself. If fuel is cheap, costly and complicated

machinery to economize it is not justified. If high, it should be adopted

as far as other conditions will permit.

The cost and quality of the water supply are important in selecting the

type of boiler, heater, etc. , and deciding the question of condensers.

The distribution of the load through the hours of the night is worthv
of careful consideration. High fuel economy is attainable only under
certain fixed and favorable conditions. Among these the most important

is the point of cut-off in the engine at which its efficiency is a maximum.
The best authorities place this at between 1 and \ for single cylinder engines,

working with initial pressures of from 80 to 100 pounds, above the atmo-
sphere. Both earlier and later cut-offs, mean more fuel per horse power.

In the latter case we exhaust the steam at too high a pressure, and in the

former the cylinder condensation increases so rapidly as to nullify gains

from higher expansion. It does not pay, therefore, to use large engines

when the load is at times small. The units of power should be so selected

as to enable the engines to be run close to the point of cut-off of maximum
efficiency. As the load changes, engines may be started or shut down, so

that at most only one small engine is worked at a disadvantage. Having
selected the size of engine best adapted for the work, there are advan-

tages in the way of simplifying the attendance, care, repairs and general

arrangement, by reduplication of parts throughout the plant.

Other conditions, which, while of minor importance, must not be lost

sight of, are : The nature of the plant, whether permanent or temporary
;

the amount of capital available, which, however promising the returns,

can not always be secured to carry out plans in the best manner ; and pro-

vision for growth. This latter is too frequently overlooked. No industry

is capable of greater expansion by means of good service and reasonable

charges. It often happens that after only short service the demand be-

comes such as to require extensive enlargements. If this necessitates the

remodeling of the entire station, it can only be done at greatly increased

expense, and sometimes with serious interruptions to the service.

All the large steam plants in this countxy are arranged on one of two

general plans, which differ in essential characteristics. One school advo-

catas the use of large slow-speed engines, belted to counter shafts, which

run at increased speeds, and on which are placed friction-clutch pul-

leys and clutches, enabling any dynamo or engine to be thrown in or out

of service at any time. To get the full benefit of this system the engines

must be large and few in number. In practice two engines are gener-

ally used, belted to opposite ends of the counter shaft. The other school

prefers smaller, independent engines, of the high-speed type, belted direct

to the dynamos. Each plan has its warm advocates, and arguments are
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not lacMng on either side. Which of these plans to adopt is the question

which confronts us at the outset. The answer in any given case involves

a careful study of the points I have discussed, and presents a problem of

no small magnitude.

Two important advantages are claimed for the system using large slow-

speed engines. Fust, the long-stroke engine, with four independent valves,

represents the highest known steam efficiency, and requires smaller boiler

plant and less outlay for fuel. Second, the use of shafting and clutch pul-

leys admits of the greatest interehangeability. Any dynamo can be run from

any engine, and a dynamo or engine can be thrown in or out of service

without affecting the rest of the plant.

On the other hand, the advocates of direct connected engines .claim, 1st,

that no power is lost in driving shafting ; 2d, that as stations are actually

run under widely varying loads, the small engines can be operated at or

near their best point of cut-off, and will, therefore, do the work at less fuel

cost per lamp hour ; 3d, that one or two dynamos to an engine offer all

necessaiy interehangeability ; 4th, that one small engine affords ample

reserve ; 5th, that electrical conditions demand close regulation of speed,

from stroke to stroke, and under changing load and steam pressure, and

that experience has shown that this is best secured by high-speed engines ;

6th, that a short circuit in a dynamo would slow down a small engine,

thus giving warning of danger, while a larger engine would pull it through,

regardless of results ; 7th, that the plant occupies the least space ; and last,

but by no means least, the first cost, including erection and foundations,

is less than for low-speed engines with shafting, etc.

That there is wide difference of opinion among prominent engineers on

this question is shown by the fact that there are now being erected sta-

tions costing hundreds of thousands of dollars on both principles. Let us

examine the claims made in the light of the requirements already laid

down.

First, as to reliability. Both plans claim simplicity of construction, but
in my opinion " honors are easy." Two engines are, of course, easier cared

for than a dozen, but as each of the large engines is not only much heavier

than one of the smaller ones, but is more complicated in its valve gear,

and the plant is further encumbered by the shafting, with its necessary

bearings, couplings and clutch pulleys, we see no difference in the two.

The large countershaft is a source of weakness, however ; an accident to

it means a suspension of the whole plant. The service required of it is

severe, and it is not always easy to preserve the alignment. When out of

line it consumes great power, and is a source of constant -worry and danger.

An accident to one of the large engines means a serious loss of capacity,

while it is insignificant if the engines are small. In the latter case a re-

serve engine means a much smaller investment of idle capital and space.

It appears, therefore, that independent engines are preferable on the score

of reliability.

Second, as to the electrical system. If the plant can be located where
there is abundant space, it may be planned with a view to the highest

efficiency. If other conditions permit, all the advantages of high expan-
sion and condensing engines may be utilized. On the other hand, if

ground is valuable the use of direct belted high-speed engines is necessary.
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In those systems requiring close regulation of speed, they are also prefera-

ble, although slow-speed engines are being greatly improved in this re-

spect by new designs, better workmanship, and the use of heavier fly-

wheels.

Third, as to their fuel economy. It is here that the advocates of long

stroke machinery make their strongest claims. I have been unable to

secure exact and reliable data as to the water consumption of the two
types of engines, per horse power per hour. From the best information I

can get, however, I am inclined to place the water consumption of the

low speed at about 20 per cent, less than the high speed under similar

average working conditions. Where fuel is expensive, and where the

other limiting conditions mentioned above do not prevent, the low-speed

engine should therefore be adopted.

There are, however, two important points which must be considered in

this connection. The useful power delivered to the dynamos is always
less than that exerted by the engine, by the amount of the friction of the

engine and power-transmitting devices. In direct connected engines tliis

10 II 12

loss is from 7 to 10 per cent, of the total, while with the shafting system

it is usually from 20 to 25 per cent., and if the shaft is out of line, may be

much more. It thus appears, therefore, that a large part of the superior

economy of the low-speed engine is offset by the increased friction loss.

The economy is further affected by the amount and hours of loading. If

the work done is large and constant, as is the case with plants operating

contracts for city lighting, the low-speed engine has still a good balance in

its favor on the score of fuel economy. If, however, the load is subject to

wide fluctuations, as it is with commercial lighting—especially incandes-

cent plants—the case may be different. The real efficiency can not be

measured under the best conditions but for a whole day's run. The accom-

panying sketch may be taken as typical of the work of all incandescent

plants doing comnaercial lighting. The lower curve represents the net

output of the dynamos measured in lamps burning; the next line shows the

additional work done in friction, which is constant for all loads. It will

be noticed that a single large engine doing this work must, for three-
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fourths of the time, cut off at points decidedly unfavorable to its economy.

That is to say, that the steam required to operate the engine under these

conditions, would, if used in an engine cutting off nearer its point of maxi-

mum efficiency, do a great deal more work. The upper line represents the

work which the steam consumed is capable of doing, if properly used.

You will, no doubt, be struck by the amount of steam used wastefully, as

shown by the irregular space between the upper and lower curves.

By dividing the work among several smaller engines, which can be shut

down and started up as required, but one engine, at most, works at a dis-

advantage. The friction loss is also less, and when each engine shuts

down its proportional amount of friction ceases. It is evident, therefore,

that independent engines have a decided advantage in net economy under

variable loads.

I had intended to submit sketches of a plant of say 1,000 H. P., arranged

in both ways, making a calculation of the efficiency of each, under vari-

able loads. On investigation, however, I found that the ground had al-

ready been covered in an able paper by Mr. W. L. Church, read before the

National Electric Light Association, at its meeting at Pittsburgh in Feb-

ruary, 1888. Mr. Church presents data from two actual stations in which
the ratio of fuel per lamp hour is as 70 to 126, in favor of independent en-

gines.

Summing up, it appears that long-stroke engines are to be preferred

where the load is approximately constant, provided sufficient space can

be had, and provision is made for reserve. But for variable loads, and
where space is valuable, as well for greater reliability and closer regula-

tion, the use of high-speed engines appears to offer most advantages. The
most prominent promotors of incandescent lighting in this country have

adopted direct connected engines for their central stations.

A brief discussion of the integral parts of a steam plant for electrical

service may be of interest.

The engine we have already considered at some length. The advantages

of compound, triple expansion and condensing engines, are well, known,
and these principles may be applied with benefit to both low and high

speeds types. It must not be forgotten, however, that their recognized

fuel economy is secured by greater complication of parts. A higher de-

gree of skill is, therefore, required to operate them, and the liability to

accident and derangement is increased. The full benefit of these princi-

ples can only be obtained where the load is large and approximately con-

stant. It is evident, therefore, that these high types of engines cannot
always be used with benefit. The success of stations now being equipped
with high-pressure boilers, and triple expansion condensing engines, will

be watched with interest.

All sorts of boilers have been used, from the long cylinder, where fuel

is cheap, or the water bad, to the water tubular. Each has its advantages.

The horizontal tubular boiler is a quick steamer, occupies little room, is

not high-priced, and is fairly efficient. Among these, my own preference

is for the boiler with four-inch tubes, as it seems a happy mean between
the flue boiler and the multi-tubular. The water-tube boiler is being
widely adopted in electrical plants. Its advantages are : high efficiency;

small space occupied: capacity for over-work; quick steaming, and safety.
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The type of boiler to be selected is usually determined by the quality and

price of fuel, the space available, and the scale-making properties of the

feed-water—although it is claimed the latter has now been eh'niinated by
the invention of purifiers guaranteed to keep boilers free from scale.

The design of furnace and grate is also determined by the fuel. The
furnace is modified by the question of whether capacity or fuel economy
is of more importance. Rocking grates and mechanical stokers have points

of value, but cannot be used successfully with all fuels. The use of

petroleum as a fuel is increasing, as was shown by the interest in the sub-

ject at the recent meeting of the National Electric Light Association at

Chicago. Comparing Illinois coal, a pound of which evaporates six pounds
of water, and which costs 8 cents per bushel in St. Louis, with petro-

leum having an evaporative efficiency of 16 to 1, the oil must be furnished

at less than 2 cents per gallon to make the fuel cost of evaporating 1,000

pounds of water the same in both cases. "When we consider the greatly

reduced cost of handling petroleum, and the exactness with which it can

be regulated and controlled, and the fact that it is smokeless, it seems

destined to wide adoption.

A handsome brick stack seems to me a desirable feature of any pkint.

Its solidity, strength, beauty, efficiency and absence of repair bills are

worthy of consideration.

I have found the following formula useful in stack calculations:

100 w

in which
H = height of stack in feet.

a = area of stack in square feet.

w = pounds fuel to be burned per second.

D = weight of one cubic foot of air.

d = weight of one cubic foot of chimney gases.

g = 32.2, the acceleration due to gravity.

If the outside temperature be 100 degrees F, and the inside 450 degrees

F., the formula becomes

460 w _ 211,600 to 2

a = = . or H = -

In non-condensing plants the exhaust steam should always be used for

heating the feed water. The quality of the latter is the determining factor

in selecting a heater. There should be ample settling capacity, and the

water should be outside of the tubes, which should be of brass or copper.

There should always be a relief valve on the feed pipe near the heater, so

that overpressure can not injure the tubes. If the water is very bad, it

should be further purified by five steam. Heaters and purifiers should be

so arranged that they can be frequently blown off, and also examined and
cleaned without interrupting the service of any part of the plant.

For boiler feeding, I prefer a direct acting, single pump, brass fitted. It

should pump cold water through the closed heater, and if the water is

gritty, should have outside packed plungers. The boiler-feeding apparatus
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is perhaps the most sensitive part of the plant. Instead, however, of pro-

viding two pumps and heaters, a first-class injector can be used. It is not

only perfectly reliable, but ties up very little capital, occupies little space,

and can, when called upon, take the place of either the pump or heater, or

both.

The pipe system connecting boilers, engines, heaters, pumps, etc., is

worthy of careful study. The points to be borne in mind are: Abundance
of area, as direct lines and as few bends as possible ; suitable provision for

expansion and contraction, and drains. By means of return traps all con-

densation iu the live steam pipes can be returned to the boiler. These

pipes should be well protected by non-conducting material.

Belting is also of great importance. Its slip must be a minimum. It

must be well made and of good material, to be durable and reliable at

speeds of a mile a minute or more. I have here a sample of a leather link

belt which is proving popular. It is so heavy and pliable that its arc of

contact on the pulley is much greater than with ordinary belting. It can,

therefore, be run very slack, thus avoiding the great strain on engine and
dynamo journals which is usually required to prevent belt slip. It also

prevents air cushion. The driving and driven pulleys can be brought very

close together. Transmission of power by ropes instead of belts is now
being tried, and has some advantages. They are very cheap and easily

replaced. The ropes run in V-shaped grooves, which render slip impos-

sible. Sometimes a single rope is used, which encircles the pulleys a

number of times, and is kept tight by passing over an idler, in the same
manner as street railway cables. This arrangement is open to the serious

objection that an accident to the rope means a shut-down. This could be

obviated by dividing the rope into a number of parts, each independent of

the other. The number should be sufficiently large that in case of acci-

dent to one, the other ropes could carry the load until the engine could be

shut down. As there is some elasticity in the rope, it is not certain that

tightening devices would be required, but if they were they do not seem to

be impracticable.

It will be seen that this discussion applies to the driving of dynamos of

all kinds, without reference to the work being done. In arc lighting, the

load is frequently nearly constant, but in incandescent plants, and for

street railway work, the power required at different hours of the day and
night varies greatly. The amount, and hours of loading seem, therefore,

to be the factors upon which the selection and arrangement of the steam
plant are most largely dependent.

HOW SHALL WE WTARM, VENTILATE AND CLOSET OUR
SCHOOL BUILDINGS?

By N. B. Wood, Member op the Civjl Engineers Club op Cleveland.

Read June 11, 1889.

In former times, when the training of the youth was a matter of indi-

vidual enterprise, or carried on under the influence of a more congenial
climate, or when the construction of houses was unconsciously more in
accordance with sanitary principles, being loose jointed at the expense of
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comfort, and thus preventing suffocation, little attention was paid to th*»

matter of ventilation, and since general comfort in the matter of warming
was not known to any great extent, no complaint was made if a scholar

was too warm on one side and too cold on the other. Only too happy was
he if he were so situated that he could occasionally change sides; or if he

were so unfortunate as to be out of range of the heat, he considered liim-

self veiy fortunate if the teacher would allow him to occasionally take a

front seat, hook in hand, and toast his almost frozen toes for a brief inter-

val of time.

If a child showed any signs of impaired health he was not considered fit

for education, and was put to some practical labor or business, when he

not unfrequently outstripped his more fortunate comrades, both physically

and mentally.

In these days, when every one must be educated because every other

fellow is, when our schools are crowded to their utmost capacity, when the

size of our school buildings and the perfection of the workmanship render

natural ventilation impossible, the need of ventilation is better understood.

We find as much attention paid to it and the general comfort of the

occupants of such buildings as is bestowed upon their external appear-

ance.

The great difficulty which attends coming to correct conclusions about

the problems involved in heating and ventilating is the fact that the actual

movements of the air are invisible and imperceptible. In consequence of

this almost any method of procedure may, by specious reasoning, be

made theoretically to fill the exact requirements. But if we could see

what was really transpiring we should find, very often, exactly the

opposite did occur. Experhnentors have made the motions of the air

visible by means of various vapors or finely divided substances, which are

visible and float ; the best of which is chloride of ammonium, formed by
injecting hydrochloric acid with an atomizer into the atmosphere pre-

viously charged in like manner with ammonia. The resulting milky

atmosphere can be very readily observed and its movements noted. But

t is very doubtful whether these experiments have been carried out under

the same conditions with which practical warming and ventilating have

to contend.

It^ has been assumed that if a certain effect is produced by a certain

cause the same effect will always follow when the same cause is brought

into action. This is obviously absurd since the other element, which de-

termines the nature of the action, has been left out, namely, the conditions.

In fact, on this particular subject too much has been assumed and too

little has been demonstrated. It may be assumed, however, that any
assumption contrary to any of the following facts cannot be demonstrated

to be true : That carbonic acid is heavier than air (1.5). That the vapor

of water is lighter than air (.625). That gases and vapors enjoy a peculiar

property called diffusion, which enables or forces them to mix uniformly,

even against the force of gravity. That the specific gravity of such mix-

tures is equal to the mean of all the component parts, and, that when
warmed all such mixtures are lighter than when cold. That when the

condition of the air is normal it contains about four or sometimes five

parts, by measure or volume, in 10,000 of carbonic acid, and if the quantity
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is much increased the result is very disastrous to health. The various

methods of heating and ventilating may be divided into two distinct

classes:

First : That which is forced by mechanical devices.

Second: That which is effected by gravity, or by the difference between

the weight of a column of warm and cold air.

The first, no doubt, is practical and preferable in some cases, as, for in-

stance, in mines; but for the purpose under discussion cannot be thought

of, because its first cost is too great. It is too liable to get out of order.

The expense of running it, both as to fuel and labor, is excessive.

Let us then consider some of the gravity methods.

First : That in which no provision is made for ventilation except by open-

ing the windows at the top for foul ah to escape and at the bottom for the

admission of fresh ah. A steam radiator is placed in front of the window,
which admits the fresh air, and is expected to warm it as it enters to take

the place of that making its exit from the windows above.

This method cannot be too strongly condemned. It amounts practically

to no ventilation at all at those times when ventilation is most needed

(cold, stormy weather), and yet is the one used more than any other. Our
Central High School building is warmed but not ventilated in this manner,

and if the good people who made such a vigorous fight against the Smead
dry closets had used as much energy in ridding the city of such a blot on its

educational system they would have done the city and humanity a benefit

instead of an injury.*

S' cond : That in which fresh, warm ah is allowed to enter the room (when
the conditions will permit), and the cold and contaminated air is supposed

to make its exit through the imperfect joints. It is very evident that such

a method offers a premium on poor workmanship, since good joints prevent

both warming and ventilation, and besides this the openings are as likely to

be left at the top of the room, where great loss of heat would occur by
leakage of warm, fresh air, and less likely to occur at the bottom or below
the windows, where the scholars sit in a cold stratum of air, which must be

foul for the same reason that it is cold, because it cannot be changed.

Tlii- d : That in which the warming apparatus is in the room, as in first,

and the ventilation carried on by means of openings at or near the floor,

which, supposing the foul air to be heavier than the other in the room,
takes away all the objectionable contents by being connected with a ven-

tilating shaft where a current is kept up by a small fire or coil of steam
pipes. The fire is preferable because in warmer weather no ventilation

could be kept up unless the main boiler was fired, which would be expen-
sive. This method would be very good if the supply of ah was adequate
and the theory correct with regard to density of foul air. But it is evi-

dent that, when the room has become too warm and the steam has been
shut off, the air in the upper part of the room will rapidly become impure,
while a stratum of cold air will occupy the floor with a current running
across it from the windows to the ventilating stack. Another variation

of this method is to place the opening to the ventilating stack (or flues) at
the top of the room , the heating being done in the same way, which I

*The writer has since learned that this is not exactly the method used, but prac-
tically the same.
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should think would be more objectionable than the last mode, since if it

were large enough it would take all the heat out of the room, including

the products of respiration, and keep the room cold, or if too small would
not ventilate.

Fourth : That in which fresh, warm air is supplied to the room, and
means provided for the cold and foul air to pass out at the bottom of the
room. This method affords good ventilation when everything is favor-

able, but if the room happens to become too warm and the registers are

closed, no opportunity is afforded for ventilation either by diffusion or

otherwise. The room would fill from the top downward with impure
air, and when the registers were again opened the room would have to

be filled in the same manner with warmer and fresher air before the

heads of the occupants would get into a medium fit to breathe. Pos-

sibly under the influence of adverse winds we might have the current

in the wrong direction, with plenty of fresh air and no heat, or with air

which had been used in another room.
The number of methods might be continued almost ad infinitum, but

as the object of this paper is to bring before your notice a system which,

though open to some criticism, is the nearest perfect of anything wliich

I have been fortunate enough to inspect, we will proceed immediately to

its consideration. What is known to us as the Smead system of warming
ventilation and dry closets is a combination of what heretofore has been
two distinct branches of building construction. Though the dry closet is

by no means inseparable from the very excellent system of warming and
ventilating, it seems so naturally to be a part of it and to give such re-

markable results that it seems a great pity to separate them. The means
used by this method of warming and ventilating are a combination of

some of those already mentioned.

The warm air being admitted to the room through openings, which can-

not be closed, near the floor, and openings nearly all around the room in the

base being provided for its exit when spent.

The points of excellence are a peculiarly constructed furnace of ex-

tremely large heating capacity, connected with the warm-air ducts and
the fresh-air chamber, which is above ground, that when a valve is turned

to cut off heat, it at the same time turns on cold air, thus always insur-

ing a supply of fresh air. The exit ducts are arranged about the bottom
of tbe room, near the floor and under the windows, in such a manner
that the air will pass under the whole floor on its way to the ventilation

stack, thus keeping the floor warm and dry. Now remember that this is

not a hot air but warm air system, not intensity but quantity, the

temperature of the warm air being about 110 degrees and the tem-

perature of the room being kept at about 70 degrees, with a variation

of not more than 3 or 4 degrees between the top and bottom of the

room. This smallness of difference of itself indicates how perfect must be

the ventilation. It would seem that the expenditure of fuel must be very

great where such a large quantity of air is passing out at the temperature

of about 70 degrees, but carefully kept accounts between buildings warmed
by steam and those warmed by the Smead furnace showed decided economy
in favor of the latter. In addition to these few but important elements of

superiority we may place first cost, cost of repairs, absolute freedom from
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danger by explosion and less liability to general accidents and consequent

interruptions from such accidents as bursting of pipes from freezing, from

corrosion, faulty connections, etc., etc., besides not requiring so much skill

in management.
The only fault which I am able to point out is one which is common

to nearly all systems I have mentioned before, and that is its arrange-

ment of air ducts, which, as Mr. Smead says, depends for its action on

the products of respiration being heavier than air in its normal con-

dition. The fact being that when first expelled from the lungs at a

temperature nearly 100 degrees, and charged excessively with vapor of

water, it would be nearly as light as the warm air being introduced at

nearly or about 110 degrees, but this is undoubtedly so largely diluted by

the constant stream of warm air as to be practically innoxious ; but sup-

pose the room becomes too warm and the warm air is shut off ? By the

automatic arrangement cold air immediately begins to pour in, and fills

the lower part of the room, buoying up the lighter impure air until the

room becomes cool enough to turn on the warm air again. In cold

weather this will occur soon, and cause no inconvenience, but when warmer
weather comes nothing can be done but to open the windows. My
opinion is that smaller registers should be put in near the top of the room
operated automatically, so arranged that they would open when thewarm
air is shut off. Then, in my opinion, we should have a system of heating

and ventilation which would be independent of windows or doors both

winter and summer.
For closets we have only three systems which are in use to any extent.

The outside closet, with vault, which must be ruled out without consider-

ation from any civilized city use. Outside closets, connected with sewers,

are little, if any, better, and if we accept the germ theory of disease propa-

gation, and sewer-gas conveyance of such germs, even worse. I need

not describe or discuss the inside water closet. You are all familiar with

them. If they, or any of them, are perfect they are expensive and liable

to get out of order, which means expensive to maintain, and I have yet to

see one which was not disgusting either in itself or in its use. Of course I

don't entirely proscribe then use. In fact, I think that, like a great many
other city contrivances (stone pavements, for instance), they are a neces-

sary evil; but I do think that they are not to be thought of for school pur-

poses when we have something so far superior to thern that its adoption is

becoming almost universal. I have reference to the Smead dry closet. In

this we have a system that is as perfect as human ingenuity can well de-

vise. The foul spent air from the rooms above is concentrated into one
chamber, which is connected with the ventilating stack, where a small

fire insures a perfect draught, by a horizontal shaft about three feet square.

On this are placed the seats in a long row, the deposits being received on
a porous brick platform, over and under which a continuous current of dry
air is passing on its way to the ventilating shaft. The effect is marvelous.

Instead of being a room which is visited only in cases of urgent necessity and
avoided on all other occasions, it becomes a play room and lunch room for

inclement weather, and as the recent investigations at our Central High
School showed by the analysis made of the air by the Board of Health,

the closet room had the purest air in the building with the exception of
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the principal's office ; the amount of Co 2 being a little over five to ten

thousand in the closet, and four or a little more in his room, while it

amounted to more than twice that in the school rooms. No wonder the

scholars were subject to the headache. But, say the people who were

frightened by the newspapers, the system is all right in the schools, but

you are contaminating the air of the neighborhood by the horrid and un-

heard-of method of drying up the excreta of over a thousand pupils under

our veiy noses, and scattering the germs of disease broadcast through the

populous part of the city.

The people of the vicinity assumed that the mephitic vapors which were

forced up the stack fell down outside and enveloped a helpless community
in their foul embrace, creating any amount of sickness and death. Let us

see how this works, if we reason on fact and not on assumption. What
would be given off in the process of drying which would be likely to con-

taminate the air, and what would become of it ? What chance would
there be of germs of disease escaping and becoming active agents ?

The result of drying would be principally water, 75 per cent, of solid

excreta being thus composed, a little (very little) carbonic acid, a very

small quantity of ammonia and some of its compounds, and a quantity of

hydrogen sulphide too small to weigh, all lighter than air, except the min-

ute quantities of Co 3 and hydrogen sulphide. It does not require a great

deal of sagacity to answer the last portion of the question. If there is

anything positively poisonous in the substances and quantities named, I fail

to know of it, and if there was, being lighter than air and liberated fifty or

more feet from the ground, it would never return to earth until by diffu-

sion it had become so diluted as to be normal ah. As to germs, they are

an unknown and purely theoretical quantity, but the various bacilli are

known to be very much like fish out of water when in dry air, and soon

perish ; but whether or not the germs, if any, are disposed of in this man-

ner would be doubtful. We cannot say much about a thing of which we
have no knowledge, but we can safely say that they would follow along

with the gaseous discharge from the stack until, if not destroyed by dry

air, they would reach an altitude where a lack of genial temperature

would end then- existence. We must not forget, too, that every house

which has a water closet has a pipe which discharges whatever sewer gas

and other emanations are bred within, and known to be dangerous if

found within the house. How is it they are not dangerous ?

I have now described to you a system which above all others that I know
of meets with my approval ; clean and wholesome, with no expensive fit-

tings and nothing to get out of repair, a complete solution of the problem

of how to avoid a good part of sewage contamination ; a method where an

undesirable object can be disposed of easily by fire, for it is capable of be-

ing burned just as it lies, or profitably applied to the soil as a fertilizer. I

say by all means let us have the Smead system, improved as I have sug-

gested, in all the school buildings where the prejudice of the people will

permit.

DISCUSSION.

Mr. A. H. Porter: Is this extra register for an entrance or an exit of the air?

Mr. N. B Wood: It is for a» exit of the foul air. The warm air duct is closed,

and the cold air comes into the room. All the warm and foul air, which is
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light, will lie upon the top of it. The ail- will all become foul unless a means

of exit is provided.

Mr. A. H. Porter: Would it not be better to place the cold air register at

the top?

Mr. N. B. Wood: That would be like pouring a bucket of water in—the cold

air would sink to the bottom and the result would be the same.

Mr. B. P. Morse: My recollection of the ventilation ot the High School Build-

ing differs a little from Mr. Wood's explanation. As I recollect it, the eold air

was taken in at the base cf the lower window sash, and was heated by passing

through a steam radiator. It then passed through the room and out through the

ventilators in the floor, and directly into the stacks. There are six registers

in the floor of each school rocm, besides a large register 24 in. by 30 in. set just

above the floor, opening directly into the ventilating stacks.

Mr. N. B. Wood: I did not examine the place closely, but was under the impresj

sion that it was as I described.

Dr. AsHiiux (Health Officer): The ventilators for the escape of foul air

have all been bricked up. The ventilators iu the floor are filled with papers and

dust. There is no air passing through th«m.

Mr. B- F. Morse: In each of these rooms there were six registers in the floor,

besides the lirs^ 24-in. by 30-in. register set in the stack to conduct the foul air

into the venflating stacks. When they put this Smead system in they conducted

the foul air from the Smead closet into two of the stacks, and when the wind was

blowing strong from some directions the foul air from the Smead closets passed out

into the rooms, as I have been credibly informed. I will not say that the Smead
system is not good in some respects; but I think the way it was put into the High

School building was an outrage. They bricked up the registers so that there was

no ventilation at all in the rooms.

Mr- N. B. Wood: But was there not a continuous current of air drawn out of

the rom by the dry closet ventilators ?

Mr. Moese: Not when the fires were down and the wind blowing in the wrong
direction. A short time ago I was in a smill place where they had a new build-

ing with the Smead system in it I went in and found that they were running

the two boilers for heating that day. I went into a room where the Smead
closets were in operation and tested the current by ligntiug matches. In every

case the smoke and blaze of the matches rose into the rowm. There was no cur-

rent to draw it down. I made up my mind that the closets required as close

watching to make tbem work as a steam engine does while rinning.

President Warner: We would like to hear the opinions of our architects. Per-

haps Mr. Richardson will tell us what he thinks of the Smead system.

Mr. J N. Rice>rdson: I know nothing of the Smead system except what
I have heard from Mr. Wood. S > far as the heatiDg and ventilation of buildings

is concerned, that system was used in Pittsburgh some years ago. T.^ey used

coils of pipe for heating and the furnace chimney as a ventilating stack. It

worked very well in the Pittsburgh courthouse. It was described in a book on

ventilation by Leeds some time in 1868 or 1869. Mr Leeds claimed that the

carbonic acid gas was heavier than good air, and placed registers in the lower

part of the room. There were registers in the upper part of the room to carry off

the prod ucts from the gas jets. It was found that ventilation by the chimney
stack was not always a sure thing? the quautity of air removed and supplied

coull not always be counted on. Of late they have been applying to buildings in

New York, Chicago and other places the fan system. They seem to prefer the

plenum system, as they call it. That is, forcing the air in ; the pressure of the

air will then always be outwards and prevent inward draupht. Th^y have flues

all round the room so that the foul air may go out. They have a heating appa-
ratus with steam or warm water, and flues go from this connected with air
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chambers. By adjusting a valve, you cau bring the air in at any temperature

you choose. Most of the churches in New York are ventilated in that way. The
fan can be made to run at any speed, giving any required amount of fresh air. Of
course, that would be too expensive to put into a school budding, so probably the

next best plan is to exhaust the air by means of the furnace chimney. Our
plumbing arrangements are now first class as far as water closets are concerned,

and I think they can be put in so as to be perfectly pure and healthy. The science

of sanitary engineering has improved a great deal within the past fiye or six

years. In some buildings each water closet is connected with a flue for itself; in

that flue there is a small gas jet burning. I have seen plumbing fixtures in a

business building in New York where you could apply a match to any fixture, and
the flame would invariably go down. The Masonic Temple has that arrangement
in the water closet departments.

Mr. Wood: The objection to that is that though you may have an excellent

system you have the expense of the closet added to the expense of the Srnead

system, and have not then as good a thing as the Smead system. In the Smead
system the closeting for a whole building will only cost about 8150. If our

Board of Education should put in an arrangement for blowing in air, and this

improved water closet system, there would be a howl about the expense.

I have here a little table with regard to the proceedings of the Board of Health

for the State of Ohio. It amounts to this, that in a building having some 400
scholars, the changes of the air in the room were every six minutes. The highest

amount of carbonic acid was 55 and the lowest 37. The average was 44.3. The
temperature of the room was kept at 75. The average cubic feet per hour was
79,000. The average changes in this room were 1,700 cubic feet per ca}]ita per

hour, which, I think, would be a pretty liberal supply.

President Warner: On Wilson Avenue we have the largest sewer in the city,

and ic has been practically closed ou account of the Smead system.

Mr. Wood: I would like to hear the opmions of some of our friends here with

regard to the likelihood of germs being given off by the Smead system. What
is the comparative danger between the two systems ?

Dr. G. C. Ashmttn : The inter-joist spaces utilized by the Ruttan-Smead system

for conveying foul air are about the best places for the collection of dust and
germs, and perhaps for the distribution of them. The danger of spreading scarlet

fever is greatest in its latter stages, on account of the "peeling," or desquamation

of the skin. These particles, drawn into the inter-joist spaces, may be dissemin-

ated by this svstem. As a means of removal of foul air, it must be remembered
that where "'stringers" or "beams" interfere, the full inter- joist space cannot be

secured, but only the space afforded by cutting away a portion of the beam be-

tween the joists. In time, where so much dust is conveyed in the .air, the rough

lumber of joists and beams becomes covered and "woolly" from the particles

deposited, thus interfering with free circulation of air.

Another objection arises from the fact that it is possible to reverse the draught in

those buildings where there is not considerable heat in the stack. Where the beat

in the stack is nearly or quite withdrawn, there is grave danger of the draught

bsing reversed. T ^o weeks ago, in the presence of a number of physicians, it

was demonstrated that air was carried from one room to another by this system,

even when there was a good fire in the stack. I do not think there is much
danger of distributing disease germs from the stack into the air outside the

building. I doubt if any of tha germs carried out in that way produce any
injurious effects, but if air can be carried from one room to another injury may
«ome from it.

To my mind, one serious defect is the fact that the dried excrement remains in

the building. At the Waring street school all the excrement deposited since the

scheol opened, Feb. 1st, 1888, remains in the basement of the budding. It might
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have been removed, but it has not been considered necessary. If the draught is

uncertain, the organic particles may come into the building, for they are depend-

ent upon the constancy of the draught to keep them out. It is supposed that the

movement of air at the top of the stack will be sufficient, but as we have dem-

onstrated that it has reverses, the presence of the large mass of excrement in

the basement, and the other factor of interference of the passage of air through

the inter-joist spaces after dust collects, demand serious consideration in esti-

mating this system in comparison with others. It seems to me that the statement

made in Billings' work is likely to be true, i. e. , that this system of ventilation

works best in the early years of its use

.

A Member : Ten years ago we had occasion to examine the air in some rooms

in Buffalo. In one room we found that about 5 ft. from the floor the ammonia was

the strongest, at the floor was next, 8 ft. above the floor was the next, and at the

ceiling there was least. That was the Oid-fashioned school room, ventilated by
opening a wirdow.

Mr. J. A Bidwell: The great difficulty in this High School building is to regu-

late the draught. That might be remedied in several ways. It appears to me that

the most practical one is to build a tall chimney. Your chimney must be larger

than all the openings into it, and it must be high enough to produce the current

required. When I built a factory here I was obliged to build a chimney 125 ft.

high and 6 ft. area. When you connect this Smead system, which is dependent

purely on your current, with a chimney of sufficient height, your difficulty will

be removed.

Mr. Richardson: I was UDder the impression that taking the air inside, say,

at 70 deg. and the outside air at 40 deg. , that the air at 40 deg., being heavier,

would force its way down. I would reason that the chimney in the Smead sys-

tem would sometimes draw down instead of up, unless kept heated, depending

on the difference of temperature between the air in the room and that in the

chimney.

(Mr. BidwelFs reply to Mr. Richardson is omitted here because the substance

of it will be incorporated in a paper on ventilation.)

Mr. Wood : With regard to cleaning up these places, it is a question in my
mind whether it is necessary. The matter is perfectly dry and evidently inert.

But if it is necessary to clean it out it can be burned just as well as not. It can

be taken out and carried away. In regard to back currents, Mr. Smead invented

a valve to prevent back currents. He has a valve of that kind, but it was not put

on because it was not necessary.

Mr. Morse : I cannot reconcile myself to the idea of connecting the foul air of

the closets with the ventilation of the room. In parts of the city where there is no
water sewerage, the Smead closets might be all right, but they should not be con-

nected with the ventilation of the school rooms.

Mr. Leopold Dautel : I was originally in favor of the Smead system, but

Dr. Ashmun's remarks have changed my opinion of it.

EDWARD SOUTHWICK PHILBRICK—A MEMOIR.

By Albert H. Howland, Desmond FitzGerald and Walter Shepard,
Committee of the Boston Society op Civil Engineers.

[Read April 17, 1889.]

Edward Southwick Philbrick, son of Samuel and Eliza .(Southwick),

was born Nov. 20, 1827, and died Feb. 13, 1889. He was descended from
Quaker ancestry that had been native to the shores of Massachusetts Bay
from near the date of the settlement of Boston. He was born in Boston,
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but except during early infancy his home was always in the adjacent
town of Brookline. His father was a merchant in Boston, a director in

several corporations, and for thirty years treasurer of the Massachusetts
Anti-Slavery Society.

In 1843, after fitting for college at the Brookline High School, he entered
the sophomore class at Harvard College. Paternal consent to this step,

however, was conditional upon his living at home, walking the three

miles each way to and from college daily, and spending no time on the

study of Greek. These requirements were strictly complied with, but
the restriction as to Greek prevented his receiving the customary decree
on the completion of his course; at a later date, however, in recognition

of his merits in other directions, the degree was conferred as of the class

of 1846, to which he belonged. In the list of its members are the names
of Senator George F. Hoar, Dr. Calvin Ellis, Dr. Charles D. Homans and
Professors Francis J. Child, George M. Lane and Charles E. Norton.

In the summer of 1847, after spending a few months in the office of

the late Samuel M. Felton, he began field work on the Rutland & Bur-
lington Railroad, in Vermont, holding the position of assistant engineer

on location and construction. Upon this work he was engaged some
three years. Then going to Canandaigua, N. Y., he was employed in

the construction of some branches of the Erie Railway. He held here

the position of resident engineer of location and construction, and this

work occupied another three years till near the end of 1853.

The decade that included these six years was marked by striking ad-

vances in the application ot iron to bridge work. The great Conway
and Britannia tubular bridges were built; the Victoria tubular bridge

over the St. Lawrence at Montreal was begun; suspension bridges were
built over the Ohio at Wheeling and the Niagara at Lewiston; and the

great railroad suspension bridge at Niagara Falls was finished. Several

of these structures were near the territory within which Mr. Philbrick

was engaged in railroad building, and the subject of iron bridge con-

struction so strongly engaged his attention that he soon took an oppor-

tunity to extend his knowledge of such structures as well as of public

works in general.

A few months after he had finished work in western New York he

sailed for Europe, and remained abroad a year and a half. Several

months were spent at Paris in professional studies. Then, much of the

time with knapsack on his back, he traveled through Great Britain,

France, Belgium, Austria, Italy and Turkey. Passing beyond Europe
he extended his travels to Egypt and Syria, spending in these countries

the last six months of his stay abroad. Mr. Philbrick was a close ob-

server, and being furthermore the possessor of a retentive memory, he

gathered during these travels a store of information that was a frequent

source of surprise to those with whom he conversed, minute details even

not escaping him, especially such as had a professional bearing.

In the summer of 1855 he returned home and soon afterwards entered

the employ of the Boston & Worcester Railroad as Assistant Superin-

tendent and Engineer. For five or six years he was engaged in im-

proving the location of the road and rebuilding some of its structures.

A bridge that he designed and built during this period, namely, the
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"Arsenal Bridge," in Brighton, should be mentioned in this connection,

not on account of its size (for it is merely a plate girder of eighty-seven

feet span in the clear) but as an instance of his early preference for

riveted work, and as evidence of the soundness of his judgment in

selecting at that day a type of structure for spans approaching even one

hundred feet, that after a quarter of a century's experience has come to

be pretty generally approved as the most suitable. This was built in

1860. In the early part of the next year Mr. Pu.ibrick again spent

several months in Europe.

Near the beginning of 1862, after Port Royal had been captured by

the Union forces, and had become the refuge of the negroes of the

neighboring country, true to his inherited anti-slavery principles and his

own convictions, Mr. Philbrick undertook the organization of labor on a

dozen or more abandoned plantations in that and the neighboring islands,

including the education and training of the freedmen as citizeus. Many
volunteers from this vicinity accompanied and assisted him in the work,

which was cariied on for two years under the direction of the United

States Treasury Department on government account. Subsequently-

the government sold the plantations for taxes, and the work was con-

tinued by a corporation formed for that purpose, which was successful

commercially as well as in respect to its main purpose.

After the war closed Mr. Philbrick was employed upon some town
improvements in Brookline and connected with some manufacturing

enterprises. In 1869 he was appointed by the Governor of Massachusetts

Inspecting Engineer of the Boston, Hartford & Erie Railroad, to which
the State had made a loan of .$3,000,000.

About this time the Boston & Albany Railroad was formed by the*

consolidation of the Boston & Worcester and the Western railroads.

The traffic of the road increased to such an extent that the work of re-

building its bridges in iron was decided upon and Mr. Philbrick was
appointed Consulting Engineer and had charge of it. A large number
of bridges were built, mostly between Worcester and Albany. The
type he adopted was the riveted lattice, or for small spans the plate

girder. The most notable among these bridges was that over the Con-
necticut at SpriDgfield, and it occasioned a good deal of controversy as

to the comparative merits of riveted and pin-connected trusses. With-
out entering into the details of the question (for the controversy is by
no means ended) it seems proper to say that Mr. Philbrick's judgment is

supported by the practice of some of the largest and best managed
roads and that even pin-connected bridges in recent years have been
made to conform in some features to the riveted type. Mr. Philbrick's

preference for riveted connections did not extend to very large spans.

Other works on the Boston & Albany Railroad constructed under his

charge were the large Umon Station at Worcester, and the grain ele-

vators in Boston, that at East Boston being notable on account of the
difficulties encountered in securing good foundations.

Near the close of 1868 the State of Massachusetts contracted for the

completion of Hoosac Tunnel. The Troy and Greenfield Railroad Com-
pany had previously received State aid to the amount of several million

lollars to build
k
the tunnel and connecting railroad, but after twenty
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years' efforts much the larger part of the tunnel remained unfinished

and the State had come into possession. A year or two after the con-

tract was made Mr. Philbrick was consulted upon some questions that

arose as to alignment and quantities, and was soon afterwards appointed

Consulting Engineer to the Governor and Council for this work, and held

that position till the tunnel was opened. The amount of this contract

was over $4,50U,000. The accuracy with which the headings met was re-

markable: at two wiles from the east portal, where the heading from the

central shaft was met, the deviation was only -f^ of an inch in line and

li inches in level. Besides the tunnel proper there was a large amount
of work in improving the line and building iron bridges on the connect-

ing road, of which Mr. Philbrick was engineer.

The improvement of the flats at South Boston was also carried out under

Mr. Philbrick's charge., and is a work of considerable local importance.

The State contracted for building the sea walls and filling a portion of

the flats in the latter part of 1873. A large area adjacent was owned by
the Boston & Albany Railroad, and a contract was made for filling this

at the same time. Mr. Philbrick had charge of this also. The territory

thus made available now forms the terminal grounds of the New York
& New England Railroad, provided with extensive freight sheds, grain

elevator and wharves and docks for ocean steamers, distant only about

a half mile from the post-office. These sea walls are notable for their

substantial construction, and the Harbor Commissioners say, in one of

their reports, that "no work, to their knowledge, has been undertaken

in any harbor of our country superior in its design or workmanship to

the plan and execution of the heavy sea wall, so far as it has pro-

gressed."

When the growth of the town of BrookLine necessitated a public water

supply the construction of the works was intrusted to Mr. Philbrick.

The supply is taken from a filtering gallery near Charles River at a point

a few miles from the town. These works were constructed during

1874-5 at a cost of a half million of dollars.

As a sanitary engineer, Mr. Philbrick had a wide reputation and was
esteemed an eminent authority. The building, ownership and care of

nearly a score of.houses gave.him opportunity for long continued experi-

ment and a practical knowledge of the actual conditions to be met. The
results of his experience in this branch of engineering were given to the

public in a book on " American Sanitary Engineering," in pamphlets on
" Defects in House Drainage and Their Remedies," and on " Disposal of

Sewage in Suburban Residences," and in contributions to periodicals and

discussions at society meetings. The publications form an interesting

and important part of the sanitary branch of engineering literature.

They have been extensively used in the practice of engineers and are

often referred to as standard works on the subject.

Included in nis professional practice were consultations as to the

foundations of Trinity Church and the new public library building in

Boston; service on commissions to award damages for diversion of water

by the city of Worcester from Blackstone Valley, and by the city of

Cambridge from Stony Brook, and to investigate the causes and man-
agement of the Great Fire in Boston ; reports on sewerage in several
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neighboring towns; building of highway and railway bridges over the

Merrimac at Haverhill, and others of less note. New England is the

field where most of his professional work has been done. Domestic ties

and the care of a large property tended to prevent him from seeking

other fields.

His membership in our Society dates from June 8, 1874, and in the

American Society of Civil Engineers from May 6, 1876. The transac-

tions of the latter contain several or his papers and discussions, among
which is a paper on the South Boston Flats improvements.

Marked characteristics of Mr. Philbrick were a directness, simplicity

and candor that won the confidence of those with whom he dealt. These

qualities with his practical knowledge and varied experience caused his

services to be sought for where the construction of expensive works de-

manded unquestioned fidelity and ability. With contractors he was
sometimes considered rather strict, but he was fair-minded and consid-

erate and ready to yield if he found himself in error. He was a man
of varied interests; the newest book and the latest achievement of

science received his attention.

Mr. Philbrick was free from all ostentation, and while professional

duties and the care of his property and of trust funds engrossed much
of his time, there were many enterprises benevolent in nature or aiming

to promote the general welfare which received his active and devoted

support. "Well known among these is the Massachusetts Institute of

Technology, of whose corporation he had for many years been an active

member. In benevolent efforts his aim was to avert as well as to re-

lieve misfortune and suffering.

As a citizen he was public-spirited, independent in politics, and deeply

interested in whatever tends to promote good and honest government,
often devoting time and money to this end though seeking for himself

no conspicuous part.

In religious belief he was a Unitarian and served as treasurer of the

First Unitarian Church in Brookline for many years.

On the 16th of September, 1857, he married Miss Helen M., daughter

of the late Alfred Winsor. of Brookline, who, with his mother, now 96

years of age, are the survivors of his household.

The works of the engineer often receive but little of the popular appre-

ciation that their merits deserve. They may be located in remote and
unfrequented places, or buried where the light of day never reaches

them ; often they are so unobtrusive that they seem to be almost a part

of nature's own handiwork. Hence there is a peculiar satisfaction,

when an occasion like this makes it fitting to recount them, in consider-

ing what a monument it is that he leaves behind him in the highways
that bring to the people the products of a continent, the structures over

which millions pass in safety, the warehouses where the food of the

nations is stored, the grounds where the products of the world are dis-

tributed, the appliances that secure health to our homes. Such works
bear witness to his skilful designing, fidelity in execution, patient toil

in overcoming obstacles that seem almost insurmountable, foresight in

providing for emergencies, correctness in reasoning, and an integrity

that will not deviate from an honest course to secure in a. day the profits
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of a life-time. Such qualities will be freely ascribed to Mr. Pbilbrick :

and the warm personal esteem of those who knew him well will ever

cause them to hold him in grateful remembrance.

A SYSTEM OF MARKING PATTERNS. TRIED IN THE SHOP—
WITH SOME REMARKS UPON ECONOMY AS VIEWED IN THE
PATTERN.

By A. J. Frith, Member of the Engineers' Club of St. Louis.

[Read April 17, 1889.]

The following system of marking has been found so useful, that while

it may not be especially novel, it is believed that it will be of interest to

many. We are all aware of the great confusion that arises in the care of

patterns, the difficulty of keeping the small parts of various machines to

themselves, the perplexity in gathering every essential core box, etc.

,

when old patterns are to be used, and the dependence on the special

knowledge of one man when any particular casting is desired.

The desirable points in a system of marking patterns, to lessen this

annoyance, were considered to be :

1. That there should be as little clerical labor as possible.

2. That a special familiarity with the machine should not be requisite

when a casting is desired.

3. That one could feel assured when patterns go to or are returned from
the foundry, that no loose pieces nor core boxes are missing, and do this

without consulting unhandy records.

4. When patterns or parts of patterns become mixed together, winch
seems unavoidable, that any piece, no matter how insignificant, can be at

once distinguished and sorted out by any careful employe.

To insure complete control over our patterns, it is first necessary that

they should be marked and a fist taken. This system was begun in the

draughting room, where the drawing of each casting was given and
marked with a consecutive number—all parts of one machine having a

characteristic symbol.

Then in a small book these were recorded as follows:

thirteen-inch slotter. symbol s.

Consec-
utive

number.
Sketch. Name. No of

pattern.

No. of
loose
pieces.

No. of
core
boxes.

1

2
3
4
5

^ Roughly (
1 made
)-sketches •<

1 of each
|

) pattern.. V.

Frame.
Ram.
Slide for ram.
Gibs for ram.
Quick return.

1

1

1

2
1

8
5
3

1

7
2
2

1

This record is kept in pencil to allow changes up to date to be easily

made,
The first column contains the consecutive number of each pattern. The

second column a roughly-made sketch of each pattern, which greatly

facilitates the finding of a piece needed, as the description in the third

column is necessarily brief. The fourth, fifth, and sixth columns give the
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number of patterns to each part, the number of loose pieces, and the num-

ber of core boxes.

This may look a little complicated, but it only needs a little attention

once, and oiu- clerical labor is finished. Whenever, after the pattern or

any part is needed, whether it is known by number, by name, or only by

general appearance, this list furnishes complete data for identification of

all its parts.

Upon each pattern, before it is varnished, is stenciled a legend, thus,

for the " Slide of the Ram:"
S. No. 3.

3 pieces A. B. C.

2 Core Boxes. Z. X
Being varnished, this record is indelible and always present. Metal num-
bers, S. 3, are added, that the symbol may appear on the casting. The

corresponding loose piece is stenciled S. 3. piece A., or the core box, S. 3.

core box X., etc., and so for all the other patterns, pieces, etc. Hence,

wherever the pattern is, the record of all its corresponding parts is at

hand for reference, and is intelligible to any one, or any piece, no matter

how trivial, has an indelible mark that enables us to place it at once.

It has been suggested that by not marking pieces and core boxes by let-

ters, a, b, c. etc., the legend would be rendered much simpler, the legend

above becoming merelv
S. No. 3.

3 pieces, 2 core boxes,

each piece and box being simply stenciled S. 3, showing thereby that it

belongs to pattern No. 3 of machine S. ; that is, the 13-inch slotter.

This, however, requires the counting of the number of pieces, etc., and
the identification is less certain, while if any core box is to be used for

more than one pattern, the necessary instructions become somewhat un-

certain.

It has been customary also to stencil the word " Face," not on all the

planed surfaces, but on those that particularly need to be clean, that the

foundry may be reminded where to be more careful. Naturally, the use of

2 S, 3 S, etc., for other sizes of slotter, or L, 2 L, etc., for different build

of lathe, etc. , will occur to the user. It is believed that a little attention

given to some such system as this, especially for standard machines, gives

a record of easy reference and a means of bringing order out of the chaos

common in too many pattern lofts.

In regard to the economy of manufacture, as viewed in the pattern,

there are so many facts and circumstances entering the problem that I

shall touch upon but a few instances that point the direction in which to

turn our attention.

1. The economy in the pattern itself, that is its cost in labor and
material ; this economy should be governed by the number of castings

we expect to obtain from it, it being evident that the thought and labor

justified and economical in the production of anumber of machines would
be extravagance where but a few castings are to be produced.
In the latter case the original cost of the pattern is a sensible percent-

age of the total value of the product, and to reduce this as much as possi-

ble, we should confine our designs to straight lines and flat surfaces,
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curves and warped bodies being expensive in both time and labor. The
pattern can be rouejhly made, with little provision for warping, as i'.-w

ribs and fillets as possible are desirable, with few and plain cores, it being
generally economy to sacrifice appearance, to be lavish in metal, and ignore

many points, though not those of efficiency and stiffness in the final ma-
chine.

When the pattern, however, is expected to be duplicated many times,

true economy of construction calls for much thought and care, and fre-

quently very elaborate and costly patterns are the cheapest in the end.

It pays to build up rings and gear wheels of many parts, that time may
not warp them nor rough usage so dislocate faces and parts that the

resulting castings are scanty in metal in one part or require excessive

finish in another. We should now consider closely how the casting is to

be handled, both in finishing and in erecting, cutting down turned and
planed surfaces to the smallest allowable limit, and not be afraid. of using

small and numerous cores where your judgment' bids you. Excessive

amounts of finish on bright surfaces can frequently be curtailed ; and in

other cases where cored round holes are horizontal, and the core there-

fore liable to shift or rise in the molten metal, we may properly add an
extra amount of metal, that the requisite size may be assured, despite

accidents.

It is frequently advisable where cored holes are in line one with the

other, to use one long core passing through both bearings rather than two
smaller ones, as we are thus assured that the holes in the resulting cast-

ings will be in line, thus saving the cost of careful setting of the piece,

and the long and difficult boring that would be necessary to obtain the

required dimensions.

In other cases, such as in long holes, where it is not necessary that the

running shaft should bear the entire length, it is customary to enlarge our

core between the bearings, so that we may only be at the expense of finish-

ing the bearings, and not the entire distance, but judgment must be displayed

m the use of such devices, for if, as in this instance, the thickness ofmetal at

our command does not allow vis to make this recess a very decided one,

and the core should shift somewhat in the casting, there is no economy,

for we may be chagrined to find that a large part of our boring is just in

the rough surface of the recess, and the expense in obtaining a true hole is

perhaps more than doubled. If I had the space I could cite many similar

instances, emphasizing the necessity of care in the use of our little schemes

for economy, and of the study of the various operations, methods of hand-

ling and final erection through which the casting is to pass, where the

cost of the finished product is dependent on the pattern, but I will merely

touch on a point in which much uncertainty is frequently displayed.

Castings are frequently made very thin and light, with a view

to save the cost of the unnecessary metal, which is good economy ; but

it is not considered that the thinner we make our casting the more diffi-

cult it is to prevent it from being badly sprung in cooling, in which case

we will have saved a few pounds of cheap iron and necessitated several

days of costly machine work to finish it. In all this, I do not mean to de-

cry the effort to save metal by making our castings light, but only to im-

press the necessity of considering well the effect of each effort to do so.
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We have all heard that to avoid this trouble of warped castings it is

better to have all parts of a uniform thickness, with heavy fillets between

ribs and surfaces; but this rule is not one of rigid application, though that

of its true meaning, uniform cooling, is true, as far as my experience ex-

tends. For instance, if we have to cast a flat surface, stiffened by deep

ribbing, we will find that if the surface is to be planed that it will

be cast face down, that the planed surface may be freed from floating

dirt ; this brings the ribs uppermost, and if to economize metal the ribs

be made lighter than the face, they will cool first, and if the resulting

casting be of any length, it may be bowed a half an inch, requiring much
extra time to true up the face ; even if the ribs be made of the same
thickness as the face, they will still cool first and bow the casting, since

they are nearer the surface and removed from the greater body of hot metal.

In cases similar to this, we have obtained the most economical results by
cutting down the thickness of the face or body of the casting and making
the ribs considerably the thicker, that they may be retarded in solidifying

until the metal deeper in sand has begun to stiffen, while £ inch saved

over the larger face amounted to more than f inch taken from the ribs.

We believe that the same idea can be frequently applied with marked
economy in metal and labor.

These instances are to show that, when viewing the economy of manu-
facture in the pattern, the best economy is obtained by keeping well in

mind the subsequent manipulations and probable errors in the foundry,

that while we make use of careful coring, recessing of core holes, and
light castings and ribs, we may not enhance the final cost by unwise econ-

omy.

One word more I would like to add, as to the necessity of accuracy and
frequent checking of measurements, as there is nothing more frequent nor

more exasperating than errors in the dimensions of patterns. It is not

enough to carefully check the sizes on the drawing, but the pattern should

be viewed during construction, in imagination, as fitting in the finished

machine, thus guiding us to detect possible interferences, and often to dis-

cover that our patterns, while correct in dimensions, are actually reversed

or upside down; and whenever possible, all patterns of parts fitting one

into another should be kept back from the foundry until all are finished,

so that they can be placed together as they belong, and the dimensions

checked independently of the design. Only by unremitting care can we
thus, in complicated machinery, obviate the occurrence of annoying
errors.

PROPOSED CONSTRUCTION OF A RAILROAD EMBANKMENT
TO BE SUBMERGED.

By Lawson B. Bidwell, Member op the Boston Society of Civil

Engineers.
[Real April 17, 1889.]

I think it has been the custom here more often to consider works
which have been completed, and point out the difficulties which have
been overcome, than to take up those which are contemplated. In the

first the gain to the Society would without doubt be greater than in the
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second, and yet I think as we often arrive at more sound conclusions,

and new metheds are suggested to us simply by talking over work we
are doing or are to do, so it is especially profitable (where the work is of

such a nature that it is proper to do so) for any member to bring here

the problem he has to solve and invite suggestion or criticism.

For a storage reservoir there isnow being built near the villageof Sodom,
in the town of Southeast, in Putnam County, New York, a stone dam of

sufficient height to flood about one and one-half miles of the New York&
New England Railroad track, and it was considered more economical to

swing the line from the lower edge of the valley up into a rocky hillside

than to raise the track on its present location. By arrangement with our

people, engineers in the employ of the city ran a line, and made a pro-

file on the centre line and an approximate estimate of quantities. I

have always thought it best for a railroad company to have its own
engineers control its work, not only in general, but in all matters of

detail, and if we built the road, an estimate of cost would be the basis

for an award of damage; therefore I called for cross-sections, and a more
careful estimate of quantities. This work was done by the city engin-

eers, who sunk various test pits, and took soundings, and made new
estimates. Conferences were had, but no agreement then concluded,

and after a change in the law affecting the matter, we appeared before

the Commissioners of Appraisal. Estimates of the cost of this change

were made both by us and by the city engineers, and a very large differ-

ence between them was to a considerable extent due to a difference in

construction. My claim was that the city should give us a sum of

money which should give us a roadbed as stable from the first putting

on of our trains as our present roadbed, and one as safe and convenient

for our men who are to keep it in repair, and as safe in all respects for

our trains. It will be seen at once that this called for a much more
thorough method of construction than is usual in building railroads, as

such works invariably overrun the estimates, and thus it becomes at the

last simply a struggle to get the rails down and trains running, and trust

to a careful watching of the masonry and patching up the roadbed, and
possibly a future rebuilding of the masonry. It is quite a different thing

to make ah estimate of cost which shall determine the amount
which you shall receive to make a change in the line like the

one proposed, and which change you are obliged to make in a

given time, and in a safe manner, from making the usual estimate

to get a fair approximation to the cost, to judge whether it is expedient

to build, and could only be made satisfactorily by a well-defined method of

doing the work. With this view I made a careful inspection of the ground,

noting particularly the character of the rock and overlying earth, and

noting from the profile and estimates of quantities the places and dis-

tances to which the material would have to be moved, and the method
of construction was determined and the work arranged in the following

order: On the north side of ths present embankment from stations 58 to

67, as there were but 12 feet to be added, this addition was made
entirely of rock. The bank from station 26 + 30 to 36, being in the

deepest place over 40 feet in height was made entirely of rock. All other

banks were made of earth plated with rock.
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First.—Excavate the muck at station 30 for two tracks, the greater

part of which will have to be wasted.

Second.—Put in a 10-foot arch for two tracks at station 30 -f- 15, and

culverts at stations 16 + 50, 22, 42 and 60, each 2£ X 2. At station 67 exca-

vate present bank and relay the present culvert, which is 24. X 2 feet 10

inches, and lengthen it 12 feet.

Third.—Strip earth between stations 35 + 20 and 41 + 82. This earth

niust be hauled down to the north to the present railroad bank, then

across the pond near dam to highway, and be deposited in embankment
near station 20, making a haul of about 1.800 feet. Also excavate and

strip earth between stations 48 and 58 and make bank and waste on

s^uth side of present railroad bank between stations 56 and 67. This

leaves about 8,000 yards to waste. For this waste there is no room on

the right of way allowed us, and a spur track would have to be laid into

the cut, and the earth loaded into cars and moved about 14, miles. Also

strip the earth between stations 43 + 30 and 48, which, with the strip-

ping between 40 + 50 and 41 + 50, will make the embankment between

stations 41 + 35 and 43 + 30.

Fourth.—Excavate rock between stations 35 + 20 and 41 + 82 and place

it for two tracks for embankment between stations 26 and 35. When
the bank is near to the arch the rock will have to be carefully placed

over the whole length of the arch, say for 6 feet deep and 16 feet wide.

Fifth.—Excavate the rock between stations 43 + 50 and 53, finishing

the embankment between stations 26 and 35 and the rock plating be-

tween stations 15 4- 80 and 24 and between stations 41 + 35 and 43 +- 30

and between stations 58 and 67, and on all these slopes the rock must be

placed after being dumped ; and where the plating is on the north side

of our operated tracks the material would have to be swung across and
placed with a derrick. At the foot of all plating a step is to be made in

the earth.

Sixth.—Break stone and fill in all interstices on the embankment from
station 26 -4- 30 to station 36 and where the bank is of rock for the second

track.

Seventh.— Furnish and put in two switches and frogs, one at each end
of the change, and furnish new rails and fastenings and ties, and lay

track from station 4 to 67, 6,300 feet.

Eighth.— Ballast from station 4 to 72 for double track, and raise the
grade from station 62 to 70, which raising muse be made in successive
lifts of 6 inches each, and track continually surfaced for passage of
trains.

Ninth.—Surface the tracks twice and remove switches and all track
material.

Tenth.—Take up 14,000 feet of fence and rebuild on new line 5,000 feet.

In the same way the quarry from which the stone for masonry would
have to be taken, and the freight and switching and hauling to the work
were given. I have wearied your patience with this detail not only to

show that we looked into the matter thoroughly, but also to give what
I conceive to be the only method of making an estimate worthy of con-
fidence, and I insisted at the hearing that any prices placed on the
estimated quantities, and any overhaul made simply from air line dis-
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tances from the profile, was not allowable, unless the prices were
such as had been paid for work under exactly similar conditions. My
estimate was based on making the embankments of a width of 26 feet at

full grade or 30£ feet at subgrade which was 1| fee t below full grade.

Slopes ou earth banks 1| to 1. Rock plating on new banks 4 feet thick at

a right angle to slope, and on the old bank the additional width for one
track is made of rock as mentioned and generally of a slope of 1-J to

1, and on rock banks a slope of 14; to 1. We allowed for one-half swell for

space occupied by excavated rock over the cross-section quantities in the

cuts. The breaking by hand of rock to fill the interstices ou the top of

rock banks was estimated on the 3(KV-foot widths at one dollar per lineal

foot of double track. The laying of track was estimated at §400 per

mile for each track, and the cost of the two surfacings over the H miles,

$522. On all material hauled over 800 feet an additional price for over-

haul was allowed. This matter of overhaul is of very considerable im-

portance to the contractor, for while his horses might keep in good con-
dition where there was but little overhaul, or even if there was a large

quantity to be hauled 1,000 or 1,200 feet, the same horses would be over-

worked on a haul of 2,000 feet, as their periods of rest do not come often?

and the character of the work, whether commencing a fill at the eds^e of

a cut, and making before an overhaul distance is reached an average

haul of 400 feet, or having the material so distributed that much of it is

hauled 800 feet before meeting the overhaul price, would make
a difference in the price per yard for which it could be moved.
Taking the work in the order named : First Excavating the muck,

which varies from 6 to 12 feet deep and rests on hard pan or compact
graveh This is an accumulation of many j^ears, caused partly by a nar-

rowing up of the gorge by points of rock projecting fiom the sides, but

principally from a wooden dam. The soundings indicate that the rock

and overlying hard pan have a downward slope towards and to the dam,
then the channel drops abruptly. Our opponents, both engineers and
contractors, claimed that it was unnecessary to excavate this muck, and
that a small allowance of rock only should be estimated for what muck
would be crowded out and what would be compacted in making the

bank ; and that with a bank made in this way it was safe to put the cul-

vert on what appeared to be a step in the west side of the ravine, from
12 to 15 feet above the lowest hard pan under the bank. My claim was,

that the best construction called for an excavation of the muck before

the bank was made, and that the culvert should be put at the lowest

point, and that it was the more essential from the fact that there was a

strong downward incline in the bed of the stream ; and although it

might be admissible to place the culvert on a higher level, provided

the muck was removed, the culvert should be in the lowest place,

and be founded on the rock. At a conference with the engineers of

the aqueduct commission, to endeavor to arrive at a specification for

the work, and to bring our disagreement down to prices only, I stated

the matter in this way, but the estimates made by our opponents were

not changed.

Second. Stripping theearth from the rock and making the earth

core of such banks as were to be made of earth. At the west end
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of the work, where there is no rock excavation, although near there

rock is in sight, the material is a heavy clay and loam. On the balance

of the work east of the large bank the rock varies from appearing at the

surface to 12 feet below, and the overlying material is composed of

pebbles similar to the finely disintegrated rock and coated with clay.

This will stand when dry in excavation nearly perpendicular, but in

water flats down to a slope of two or two and one-half to one. It is

evident that it would be impossible to make a bank of from 10 to 16 feet

in height of this material to a slope of one and one-half to one with any-

thing like a uniform coating of rock in any other way than to make it

in layers, ?nd plate each successive layer, and when the water was

raised about it that it would not retain its proper form unless the rock

plating was laid much closer than it would be by simply dumping. The
estimates of our opponents were based on making these banks, which
were to be plated, by running out a dump in the usual way for dry work
from the material as it would most conveniently come from the cuts; that

is, dumping the rock in with the earth as the bank went along, and mak-
ing the plating only by dumping rock off the sides. This could not

have been done with the slopes of one and one-half to one without an
expenditure of a very considerable labor in working down and placing

of the plating, which was not allowed for in the prices, and although this

construction might answer for a dry bank, or for a bank made by dump-
ing the material into water, it is quite a different matter to make a bank
in this way dry, and afterwards bring the water about it. I have had a

great deal of trouble in one case where a water-course was changed by
blasting out for the new channel a spur of rock, which material

was used to make the lower part of the railroad across the old channel,

the upper part being made with earth. We had finally to lay next to

this rock bank a wall in cement to retain the earth above. It was also

claimed by our opponents that an earth core with a slope of If tol
5

plated with rock simply dumped, or with a very little moving with bars

(the price would not indicate anything but dumping) 4 feet thick, at a

right angle to the slope, making, it was claimed, a plating of 6^ feet, as

it measured that on the horizontal, and with a width for single track at

subgrade (1+ feet below the rails) of 14 feet, making 10£ feet at base of

rail, was a safe and proper construction, and this on a bank of more than

40 feet in height, and flooded to within 4J feet of the basa of rail, and
only this width showing for a distance of about 900 feet. In the sec-

tion which accompanied this estimate the width of the earth core at

subgrade was practically a point. How the earth was to be so shaped
and plated without a large amount of extra handling we were not in-

formed.

Third.—Making the rock bank between stations 26 and 35.

In making this part of the estimate, as well as the rock plating, the

question arises as to what shall be allowed for the swell of the rock. I

think this is partly affected by the size of the broken rock, but more by
the character of it. A very considerable part of the rock to be excavated
is a sand stone, which near the surface at least disintergrates on ex-

posure to the air, and in breaking there will probably be considerable

fine material, and much of it will not show sharply defined edges. We
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estimate on one-half swell or one-third voids. I think this must always
be an element of uncertainty. Then as to the slope the rock will take
by dumping, and as to what slope when surrounded by water, as this is

to be, will be safe. Judging only from recollection of the appearance of

rock banks when made by dumping, I should say that it would hardly

assume so flat a slope as one and one-quarter to one, without some labor

in working it down with bars, but on the ground a slope always appears

more steep, and the form a less stable one, than the same would show,
when platted in section. I presume in this case, and with the rock taken

out with high explosives, the swell may be two-thirds, and that some
working down of the rock will be required to bring it to one and one-
quarter to one slope, and that such a slope will be sufficient for stability.

As to the culverts, I think there is no economy in laying them dry in

any case. It is unfortunate that in almost all original railroad construc-

tion, for smaller culverts, almost anything is considered good enough
;

a trench drain, a cement drain tile with the ends exposed to the frost,

with no parapets, or rough stone- from the cuts piled together without
dressing or bond. The fact that many highway culverts laid witn coarse

boulders and carelessly bedded stand fairly well has, I think, led to the

idea that any stone piled in dry are good enough, but that they do stay

is due, I think, to the stone being large and heavy and the highways
over them so shallow as to wash away and relieve the pressure before

the stones are disturbed.

To make good dry work requires better shaped and larger stone than
when laid in cement; neither does there seem to be economy in corbel-

ing out the walls and using thinner covers on the smaller culverts, for

the corbeling amounts to nothing unless the corbels are as good stone as

the covers and carefully fitted. It is cheaper generally to get thicker

covers and span the whole opening. Neither do I like to have the

paving extend under the walls, for it is better to bed in the earth

larger stone for the footing. In a soft or sandy bottom the best way
is to use for paving stone as good as the covers, long enough to

pass under the side walls. As to the culvert at station 67, which
is about 2-J- feet wide by 2 feet 10 inches deep, and laid dry, of

fair stone in the side walls, but with rough and irregular covering,

and under a bank of 30 feet high, I thought the only safe way
would be to excavate from the track down by curbing, and
relay it properly in cement, as there is every probability that when the

bank is saturated the earth would pass through the openings between
the covers and cause trouble, and so estimated. On studying the matter

since I have concluded that it would be much better to avoid disturb-

ing the old bank, which is well compacted, and shall put a brick lining

of about 20 inches high, of 4 inches thick, next to each side wall,

and rest on these side walls of brick an arched cast iron cover, one inch

thick, cast in sections of 2 feet long, and pack in full over this arch

with the best of cement mortar. Our plans now contemplate making
banks of earth of not over 17 feet in height, and there will be but a

small part of any one bank which will be of this height, and make them
of layers of not more than four feet n thickness, and carry up a rock

plating of 3 feet thick, measured at a right angle to the slope, which
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is to be one and one-half to one ; no spaces to be left between the

rock core and the plating, and all tbe interstices in the plating to be

cbinked full and in such a manner as to remain in place. The large bank

of about 40 feet in height to be made of rock, with a slope of one and

one-quarter to one, and a width of embankments of 30^ feet at sub-grade.

We had over this award a long controversy, and on our side the bene-

fit of such experts as our President, Mr. FitzGerald, Messrs. L. A. Taylor,

J. W. Ellis, Wm. E. Worthen, J. J. R. Croes, A. M. Wellington, W.
Howard White, W. Hegeman, Heman Clark and Edward W. Serrell.

The testimony in the case covers 1,500 pages of print, and whatever the

outcome, it was certainly a satisfaction to me to be supported by the

testimony of men of such experience and so well and favorably known
in the profession.

Some of the most important points now to determine are: First, the

best thing to be done with the culvert at station 67. On this we think we
have adopted the cheapest plan, which will give sufficient water and make
it safe.

Second If the banks to be plated are made one and one-half to one

slope, and made with the material I have described, which flats to about

two and one-half to one in the water, what thickness of plating will

be required on a bank 17 feet in height, and how thoroughly should

the interstices be filled, and how should the bank be made?
Third. The area necessary for a culvert at station 30 + 15 when there are

about 17 acres flooded on the side opposite the reservoir, and a water

shed of about four square miles, and with a bank made of rock.

Fourth. What the increased bulk of the excavated rock over the solid

rock will be when placed as above described, as it materially affects lay-

ing out the work.

As to the classification of work like the above : With the most careful

examination and consideration, there are always some changes from the

general plan which must be made as the work progresses, and it is much
easier for the engineer to arrive at a fair allowance for such changes
when a price is fixed on each kind of material, and as the work progresses

there is less question as to the amount to be allowed on the usual

monthly estimates. Generally I think work will cost more when let

without classification, as no contractor will take risks without being paid

for them. On the whole I prefer a classification on the items of work
which differ the most in price.

A word as to contracting: When we have a work of any magnitude to

let we inquire more particularly about the pecuniary responsibility of

the contractor, but not so carefully as to the kind of work he does or

the subcontractors he employs. All large contractors have a family of

subcontractors who follow them about, and the engineer usually has

more to do with them as to all details than he does with the principal

contractor, and they frequently give him more trouble.

In this connection a short statement of the construction of a bank
made in the water at Whaley Pond in Duchess County, New York, in the

extension of our road to Fishkill may be of interest. About twelve

years before there was a large amount of work done on this portion of

our line, but owing to financial difficulties the work was stopped, As is
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usual in such cases the difficult points were avoided as long as possible,

and coming later we found many places which taxed both brains and
purse heavily. Among these was this opening, where our lines crossed

a part of the pond, which at that place was originally about 1,600 feet

in width, and the original profile showed about 12 feet of water, and the

deepest soundings to hard bottom about 35 feet. Our predecessors filled

all but about 600 feet by taking out a hard, clayey cut at the east

end and a lime-rock cut at the west end. When our turn came
we went at it with a good deal of vigor, borrowing from this earth

cut, and ian a steam shovel through the fall and winter. "We also

borrowed from the rock cut at the west end, about 26,000 yards.

When all this was done and we had acres of muck raised about us, our
dumps would stay up for a week, and progress 20 or 30 feet, and then go
out of sight. We had still an opening of about 400 feet, which seemed
impassible except by a floating bridge. We then brought hard pine

piles of 60 to 70 feet in length from New York and hauled them and the

timber about 10 miles over the hills, built a driver for driving 14 feet

ahead of bearings, and drove about 70-foot piles, and generally drove on

top of them by doweling others of about 40 feet. When the resistance

appeared sufficient, we cjpped them and went on, and finally made 450

feet of trestle. As soon as we commenced to run over it, some of the piles

came up about four inches. None settled so as to cause serious trouble

from the weight of our trains, but we had continually to work upon it,

and the surface was bad, and it was always out of line. After our

business over it was fairly started, we commenced to fill with gravel

from a hill about 1\ miles away, and kept a gang of six or

eight men constantly at work on the trestle to get our trains over.

The bank would roll, and twist and turn very slo^vly in all di-

rections like a huge serpent. We ran around curves of about 300

feet radius, and up and down grades of probably 150 feet to

the mile, and cleaned up all the old timber on the road, and a

number of train loads of new ties for crib work. As we dumped the

gravel, a single train load on one side would sometimes throw the

bank to that side, then we would balance by dumping on the other.

By the packing of the gravel about the piles, they were slowly but

irresistibly carried down with the filling, generally one at a time, and

starting ten or fifteen minutes after dumping. We built cribs about

each bent under each cap, and jacked and blocked up the floor of the

trestle, continually moving from one bent to another, and throwing the

track sideways when necessary, until we had as much or more height

of crib as the original length of piles: and as the piles seemed to go

nearly perpendicular, I suppose the bottom of them when we finished

were 225 feet below grade.

With the exception of a settlement of about ten inches in 1883, I

think there has not been much trouble with the bank, and I do not

anticipate any as long as a single track only is used. If it is ever

double-tracked there may be some movement.
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WESTERN SOCIETY OF ENGINEERS.

July 10, 1889:—The 260th meeting of the Society was held at its rooms, 78

La Salle street, Wednesday, July 10, 1889, at 8 P. M. Vice-President Charles

MacRitchie in the chair.

The minutes of the last meeting were read and approved.

A report of the Board of Directors being called for, the Secretary stated that

the following had been elected to membership: Mr. Andrew Onderdonk, Mr. Max.
J. L. Towler, Mr. H. Russell Smith, Mr. H. A. Stoltenberg and Mr. A. Bertolet.

The following were applicants for membership: Mr. T. P. Pembertoa, Mr. E.

C. Dicey, Mr. Wm. H. Elliott and Mr. Luther Thomson.

Some minor matters of detail were considered and arranged, and upon the com-

munications connected with the recent lamented death of one of our members,

Mr. Robert G. Turknett, being laid before them, the Board of Directors ap-

pointed Messrs. L. E. Cooley and E. C. Carter as a committee to prepare a

memorial.

An interesting letter from Mr. Walter Katt6, Chief Engineer of the New York
Central, was read detailing his first connection with the Society, which dates from
before the Chicago fire.

There being no reports of the Committee or other business before the Society,

an informal talk took place on ] the matter of questions for discussion, on promi-

nent and pertinent subjects. The Secretary drew attention to the fact that very

few subjects had been presented, and urged that members make a point of send-

ing in, for arrangement, such matters as they might think would be of general

interest. A few of the questions on hand were offered by the Chairman, but no
discussion ensued.

The Chairman then gave notice that at the next meeting, appointed to be held

on September 4, the following questions would be before the meeting, and he

urged the Society to do wnat they could, either viva voce or by communications

through the Secretary, to help the discussion:

Question 1. " As a Means of Rapid Transit for the Older Portion of Chicago,

would not Underground Electrical Railways je Profitable."

Question 2. " Systems of Municipal Engineering in very Large Cities."

The Secretary was requested to invite members of the Electrical Club to help

the Society in the discussion of Question 1.

A paper descriptive of " Compound Lumber" will also be read by Mr. G. A. M.
Liljencrantz.

There being no further business the meeting adjourned for social converse.

CIVIL ENGINEERS' CLUB OP CLEVELAND.

Jxtne 11, 1889: President W. R. Warner in the chair—24 members present.

The minutes of the last meeting had not been sent in by the Recording Sec-

retary, therefore no miDutes were read. In the absence of the Recording Sec-

retary, the Corresponding Secretary will act as Secretary pro tern.

President W. R. Warner said : There is no special business to transact, no mem-



452 ASSOCIATION OF ENGINEERING SOCIETIES.

bers to ballot for, and no report from the Executive Board ; but an item worthy

cf mention is that just now three of our valued and important members are leav-

ing for higher positions. Professor Micbelson has been called to the Department

of Physics at the Clark University of Worcester ; our Secretary, Mr. James
Ritchie, has been appointed General Superintendent of the McKeesport & Belle

Vernon Railroad at Pittsburgh, and I have received a letter from Mr. Cowles in-

forming me that he has been called to Youngstown as Engineer of the Youngs-

town Bridge Company. It leads us to think that this Civil Engineers' Club may
be a bank for the surrounding country to draw from. In the past several of our

members, such as Colonel Wilson and Mr. Holloway, have been called to higher

positions.

Prof . E. W. Morley then gave a brief address on " The Wave Length of the

Sodium Light." This was followed by discussion.

Mr. N. B. Wood read the paper of the evening on " How shall we Warm,
Ventilate, and Closet our School Rooms ?"

After discussion on Mr. Wood's paper, the meeting was adjourned till the sec-

ond Tuesday of July.
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HIGH-SERVICE SYSTEM OF THE BOSTON WATER-WORKS.

By John A. Gould, Jr., Member of the Boston Society of Civil Engi-
neers .

[Read May 15, 1889.]

The Cociiituate works were built in 1848 to furnish the water supply for

the city of Boston, and the distributing reservoir was located in the town
of Brookline with its high water hue at grade 124 feet above tide-marsh

level. All the territory within the limits of the city at that date could be

supplied from these works, and wholly by gravity. The most elevated

sections were Beacon Hill in the city proper, Telegraph Hill in South Bos-

ton, and Eagle Hill in East Boston, in which the highest door-sills were at

.grade, 106, 107 and 82 feet respectively. The supply in these districts

could hardly be called satisfactory, but water would enter the second
stories of all the houses ; and as each district had a local distributing reser-

voir to equalize the day and night pressure on the mains, a virtue was
made of necessity during the 20 years that this condition of tilings lasted.

In January, 1868. Roxbury was annexed to Boston. The annexed terri-

tory contained an area of 600 acres above the 70-foot contour, and 1,100

acres above the 60-foot contour, which was afterward considered the
dividing line between a satisfactory and an unsatisfactory supply from the
low service works. Measures were soon taken to furnish a supply for that
district by pumping, which resulted in the building of a pumping station
on Ehnwood street, in Roxbury, containing two pumps made by the Bos-
ton Machine Company, each capable of pumping 1,800,000 gallons in

twenty-four hours, and the erection of a stand-pipe on Fort avenue in Rox-
bury. This stand-pipe was 5 feet in diameter and 80 feet high, with its

base at an elevation of 158 feet above water-works base. The stand-pipe,
which was made of wrought iron, was inclosed in a brick tower.
These works were put.in operation on February 25, 1870, and on June 4

of the same year the high service was supplied to Beacon Hill through
the old 30-inch low-service main that was laid in 1848. Although this

gave an increase of about 50 pounds per square inch in the pressure on
this pipe, and the pipe had been in use twenty years, there were but few
minor leaks occasioned : the two principal ones were caused by the 30-

ineh gates bursting
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This pipe was used for this purpose for four years, when a new 30-inch

X 16-inch main was laid, and the 30-inch was again used for the low-

service. South Boston was also supplied temporarily through the 30-inch

line in Boston and Dorchester streets that was originally used Eor the

low service.

Tins shows that a large factor of safety in pipes is sometimes of value.

On January 3, 1870, the territory to he supplied from the high-service

works was largely increased by tlie annexation of Dorchester, which

contained about 2,400 acres above grade 60.

The stand-pipe soon became too small to accommodate the increased

consumption, while depending on the present pumping machinery, and
Parker Hill reservoir was built in 1873-74 to take its place. This reser-

voir holds 7,000,000 gallons, and its high-water line is at grade 319.

In January, 1874, West Roxbury and Brighton were annexed to

Boston ; the former containing 6.870 acres above grade 60. and the latter

1,000 acres. The area of the high-service district had now increased by

annexation and enlargement from 760 acres, when the Roxbury pumping
station was built, to 11,500 acres, and it was evident that an increase in tin-

plant was necessary. In November. 1875, the City Engineer. Mr. Jos. P.

Davis, reported to the Water Board, recommending the abandoning of

the existing pumping station on account of its size and location, and the

construction of a new station near Chestnut Hill reservoir, with a main
distributing reservoir on one of the neighboring hills, and also an ad-

ditional reservoir in West Roxbury. The latter and Parker Hill reservoir

were to be distributing reservoirs, receiving their supply from the main
reservoir, and each commanding the territory in its immediate vicinity.

As several years would elapse before these works could be completed, he

recommended that temporary works be built to supply Brighton. This

district wTas so remote from the other portions of the high service that it

was not advisable to connect it by a pipe line until the main works should

be built. The latter portion of his recommendations was immediately

acted upon by the City Council, and the Brighton works were built and

in operation on August 10, 1876. at a cost of about 88,000.

These works, although called temporary, were in operation for eleven

years and five months before they were supplanted by the new works at

Chestnut Hill.

An interval of nearly ten years intervened before any definite action

was taken by the City Council toward the construction of new works, al-

though annually advised to do so by the City Engineer and the Water Board.

As a measure of partial relief, a 3,000.000 Worthington pumping engine

was placed in the Roxbury Station in 1878, and this pump was in use

over ten years before the new works relieved it.

Finally, in December, 1884, an appropriation of 8766,000 was made by

the City Council for works to be built on the same general plan as recom-

mended by Mr. Davis and indorsed by Mr. Henry M. Wightman, who
was City Engineer at that time. They were finally built, and the details

designed under the direction of the present City Engineer, Wm. Jackson.

In June. 1885, while the detail plans and specifications for the new works

were being prepared, a Commission was appointed by the Mayor to in-

vestigate the whole subject of new high-service works, and ascertain if the
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scheme of works about to be begun was the best that could be devised

This Commission consisted of L. F. Rice, C. E., as chairman, and Messrs.

S. B. Stebbins and L. F. Morse. The considting engineers engaged were

Messrs. Jos. P. Davis, A. Fteley and E. C. Clarke.

A report was made in September, indorsing the original scheme in all

its details, with the exception of the location of the proposed West Roxbury

reservoir. The site recammended by the Commission was in R >3undale in-

stead of on Clarendon Hills.

The system of works as built may be briefly outlined as follows :

A pumping station near Chestnut Hill reservoir with its screen and con-

nection chambers, a 80-inch force-main 5,800 feet in length to the principal

reservoir on Fisher Hill in Brookhne, Fisher Hill reservoir, with a capacity

of 15,000,000 gallons, and a supply main from Fisher Hill to Parker Hill

reservoir which consists of 6,800 feet of 30-inch and 8,000 feet of 24-inch

pipe. Parker Hill reservoir is connected with the distribution by a 24-inch

main, which is gradually reduced to 20, 16 and 12-inch mains.

DETAILS OF CONSTRUCTION.

The buildings consist of an engine room 84 feet 10 inches X 64 feet 8

inches, with a basement: a boiler room 79 feet 10 inches X 56 feet 2 inches;

a coal room 65 feet 4 inches X 62 feet, connected with the boiler room by
an extension 43 feet 8 inches X 19 feet 10 inches; also a screen and con-

nection chamber.

The scretn chamber is a circular structure located about 30 feet west

of the pumping station. It is so located that at some future time it will

form one corner of the pumping station if the latter is enlarged.. The
chamber has a concrete foundation and is built of rubble masonry laid in

hydraulic cement, and the inside walls are faced with bricks.

A brick conduit 48 inches X 54 inches in section, connects the chamber
with the Cochituate conduit, which is about 50 feet distant. A 36-inch

iron pipe connects the chamber with a 48-inch pipe, which runs fro m the

terminal chamber of the Sudbury River conduit to the effluent mains from
Chestnut Hill reservoir. By this connection, water can be drawn directly

from the Sudbury conduit, or from the reservoir by letting it back up
from the effluent pipes just mentioned. A third connection, from the

screen chamber to the reservoir direct, has been designed. This is throu gh
a 48-inch pipe, laid at a grade 5 feet lower than the two other connections,

which will be useful if the water in the reservoir should ever become un-
usually low. At present this pipe has been laid only as far as the centre

of Beacon street, as there is no immediate necessity for its completion.

The flow of water from these connections is controlled by iron sluice

gates. Four sets of double grooves are built into the masonry to receive

stop-planks or screens when necessary.

The chamber is covered with an iron floor, and is surmounted by a cir-

cular wooden house.

The screen chamber is connected with the pump wells by a brick con-

duit 4x5 feet in section. The foundation and side walls of this conduit

are built of concrete, faced with 4 inches of brick, and has a 12-inch brick

arch.

There are three pump wells in the basement of the engine house; two
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of them, whi are now in use, are each 18 X 10 feet and 16 feet deep;

the third, which was provided for a future pumping engine, is 21 X 10 feet

and 16 feet deep.

These wells are connected with the conduit by gateways, which are con-

trolled by 3-foot X 3-foot iron sluice gates.

In order to provide for the possible extension of the engine room for a

fourth pumping engine, a gate opening for a proposed pump well has been

built into the foundation wall on the west end of the building, and the

bottom of a foundation wall between the present building and the screen

chamber has been built as high as the spring line of the conduit, so that

an extension to the present building can be built at any time without in-

terfering with the operation of the present pumping plant.

A foundation of concrete extends under the pump wells ; the inverts

are covered with 8 inches of brick ; the side walls are built of rubble

masonry faced with bricks, and the division walls are brick masonry 3

feet thick.

Each well can be emptied through a 12-inch iron pipe drain, which also

receives the waste water from the condensers of the engines.

The basement has a Portland cement concrete floor and contains a lathe,

planer, drill, etc., being used as a repair shop.

The pumping machinery consists of two Gaskill horizontal compound
engines, built by the Holly Company, of Lockport, N. Y.

The high-pressure cylinders are 21 inches in diameter, the low-pressure

cylinders 42 inches in diameter, the water-plungers 25 inches in diameter,

and all have a stroke of 36 inches. The plunger displacement is 302 gallons

per revolution, and a speed of about 18.5 revolutions per minute give the

guaranteed capacity of 8,000,000 gallons per 24 hours.

The foundation of each pump consists of a solid block of American
cement concrete 14 feet 5 inches in thickness, and on each foundation are

built four brick piers 6 feet 8 inches high, surmounted by a granite

coping for the engine bed. 12 inches in thickness.

The engines and pumps are secured in position by lf-inch bolts, which
are built into the entire depth of the brick foundation. These bolts were

set inside of 3-inch gas pipes, so they could be adjusted to fit the bed plate

of the engines without any trouble. The force main from each pump is

24 inches in diameter, and they unite outside of the building in a 30-inch

pipe, which extends to the Fisher Hill reservoir. Branches and gates have

been placed in the force main, so that a third and a fourth engine can be

connected with the force main'without stopping the pumping. Branches

have also been located to connect with a second force main.

Steam is furnished by two horizontal tubular steel boilers, 78 inches in

diameter and 18 feet 5 inches long. The shell is T
7
g inch thick, and each

boiler contains 151 tubes, 3 inches in diameter. Each boiler contains 2,171

square feet of heating surface and 49 square feet of grate area.

The grate area has been reduced temporarily to 38.5 square feet by
bricking up 9 inches on each side. These side walls will probably be

removed when the boilers are run to their full capacity. A feed-water

heater is placed in the smoke flue between the boilers. It is made of 80

brass tubes, each 2-J inches in diameter and 15 feet long, supported by
racks on a portable carriage. It has a heating surface of 931 square feet.
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By means of this neater the evaporation in the boilers is increased abont

one-half a pound per pound of coal. The boilers are fitted with rocking

grates and a steam damper. A steam pipe 10 inches in diamater conducts

the steam from the boilers to the engine room, and 6-inch branches con-

nect the engines with the main steam pipe. The smoke flue from the

boilers to the chimney is built of brick, and is carried under the floor of

the boiler room. The boilers can be fed by feed pumps on the Gaskill

engines or by an independent feed pump. The steam for heating the

buildings is taken from these boilers, and the condensed steam is trapped

and forced through a meter, and thence returned into the boilers by an

automatic force pump; by this means the amount of steam used for heat-

ing can be deducted from the amount evaporated, and only the net

amount charged to the engines in calculating the duty.

The boilers and heater were built from designs made in the office of the

City Engineer.

The engines and boilers were tested in August and September of last

year : the method employed was described by Mr. J. E. Cheny, Assistant

City Engineer of Boston, during the discussion of duty trials at the Janu-

uary meeting of this society. The results obtained were briefly as follows:

A duty of 103,347,500 feet-pounds from 1,100 pounds of steam from and

at 212 degrees, was developed by engine No. 1, and a duty of 105,164,600

feet-pounds by engine No. 2. The best result obtained from the boilers

during the trials was an actual evaporation of 10 pounds of water per

pound of coal, or an equivalent evaporation of 11.57 pounds from and at

212 degrees.

The chimney is located in the extension of the coal house. It is 150 feet

in height above the floor of the boiler room, and the foundation extends

to solid earth at a depth from 25 to 26 feet. The foundation is 27.8 feet

square at the bottom and is stepped in to 20 feet square at the grade of the

bottom of the flue where the brickwork begins.

The foundation is of Portland cement concrete to a height of six feet

above its lowest point, and the upper portion is of rubble masonry, laid solid

in American cement mortar. An iron door has been placed in the chim-

ney at its base for the removal of soot, and an opening for a second smoke
flue has been built and bricked up until needed. The chimney is drawn
into a circular form above the openings for the flues. The outside shell of

the chimney is 15 feet in diameter at its base and is 28 inches thick;

it has an outside batter of -288 inches per foot, and its thickness is

gradually reduced to 16 inches at a point 96 feet above the floor. The
flue is circular : its inside diameter is 5 feet 6 inches, and its wall is

12 inches thick at the base and 4 inches at the top, which is 20 feet below
the top of the outside shell. The chimney has a cast-iron cap made in

sections and is fitted with a double line of half-inch copper lightning rods.

A ladder made of three-quarter-inch diameter iron rods is built into the

brick masonry inside of the flue.

In bunding the chimney the core was first carried up about 5 feet, the

height of one stage. A cross frame with an eyelet in the centre, to which
the fine of a plumb bob was attached, was adjusted over the centre point

in the bottom of the flue and clamped in position. There was a pivot over

centre on the upper side of the frame, to which a sliding rod was attached
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and about which it ctmld be swung. The radius of the outside of the shell

was calculated for the given elevation and the radial rod set at the proper

length. The work built on the preceding stage was checked by a straight

edge and a plumb rule, to which a strip with the proper batter had been

screwed. The plumb bob used weighed 4 pounds, and there was no diffi-

culty in setting the frame with 150 feet of line if the entrances to the flue

were closed in windy weather.

The coal house contains form bins, and will store about 1,000 tons of coal.

The bins are made of spruce plank 6 inches wide, laid flatwise, and each

course thoroughly spiked to the preceding courses.

The coal is shovelled from the cars, standing on the side track, into a

pocket that has a bottom which slopes toward two sliding doois. These

doors are opened by levers, and the coal runs into the hoisting buckets, in

which it is raised by a hoisting engine to an elevated platform outside of

the coal house, and is then dum ped into the bins from elevated runs built

over the division of the bins. Platform scales are provided, by which the

coal can be weighed in the barrows. The coal pocket holds about 10 tons.

The principal advantage in using it is in being able to keep the hoisting

apparatus constantly going while the cars are being shifted. The coal is

brought from the bins to the boilers in iron cars that run on iron rails.

Turntables are placed in front of each bin and the track runs over plat-

form scales.

The foundations of the building are made of rubble masonry laid solid

in cement mortar and are from 8 to 17 feet deep. They are 4 feet thick

at the bottom, and the thickness at top varies from 2 feet 6 inches to 4

feet to correspond with the thickness of the walls of the superstructure.

The stone came from quarries in Brighton.

The location on which the pumping station is built was originally a

meadow and was filled to a depth of from 6 to 14 feet with the surplus

material from the Chestnut Hill reservoir. The foundations were carried

below this filling to hard bottom.

The superstructure of the building has an underpinning of granite with

eight cut faces. The'exterior walls on the front and two ends are built of

broken ashler fromMilford quarries, with heavy trimmings of Longmeadow
freestone, and are backed with brick masonry. The rear wall of the building

has a brick face. The interior walls hi the engineroom are finished with face

brick: the ceiling is sheathed with cypress and the floor is birch. The roofs

of the buildings are supported by iron trusses, which are covered with

2^-inch white pine and slated. The floor of the boiler room is paved with
bricks on edge resting on a 4-inch layer of concrete. The floors of the coal

house and basement are made of Portland cement concrete.

The height of water in the pump wells is shown by two float gauges.

The rods of the gauges are one-inch-square brass tubes and are graduated

to read in feet and hundredths above water-works base. The graduation

is on the rods and the indicator is stationary. This brings the reading

point directly before the eye at all times.

There are two mercury gauges connected with the force mains, and they

are graduated to read in equivalent grades in feet, etc. , above water-works

base, so the lift by the pumps is obtained by simply subtracting the read-

ing of the pump well gauge from that of the mercury gauge.
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The buildings are lighted by electricity: the engine and dynamo
located in the boiler room.

The superstructure, with the exception of the roof trusses and chimney,
was designed and constructed under the direction of the City Architect.

The greater portion of the excavation was done by the city by day
labor. The building of the foundations, pump, wells, conduits, chimney,
etc., was done by contract. As is customary on all such work
done under the City Engineer, a force account was kept, and a record

made of the cost of the work to the contractors. A study of the force

account shows that 1.34 barrels of American cement were used in making
a cubic yard of concrete, in the proportion of one part cement, two sand
and five crushed stone, and that 1.45 barrels of Portland cement were used
under the same conditions: 0.64 barrels of American cement per cubic

yard of rubble masonry, the mortar being one part cement and two parts

sand, and that 1.04 barrels cement per cubic yard of brick masonry, ex-

clusive of that in the chimney. In the chimney one-half cement and one-

half Mine was used in the mortar, Portland cement being used instead of

American cement in the upper 30 feet of the chimney.
The force main, after leaving the pumping station, is laid through the

city's land to Chestnut Hill avenue, where a 16-foot branch is taken off to

supply the Brighton high-service district. Brighton thus receives its sup-

ply directly from the pumps while they are in operation, and is the only

district so situated. Complaints were made at first of water hammer in

the houses in the vicinity that were located on streets where the pipes had
dead ends ; these ends were afterward connected, and all trouble has been

removed.

The force main is laid without summits, except in the wrought-iron

pipe on the bridge over the B. & A. K. E. In order to do this a cut of 21 feet

was necessary in Fisher avenue. The principal reason for making this

deep cut was to enable Brighton to obtain a supply when the reservoir is

low. All changes in direction were made with curves of at least 15 feet

radius. The pipes in front of the reservoir are so connected that the supply

can be sent directly to the city without entering the reservoir. Branches

have been placed in the pipe at that point to connect with a second force

main and a second supply mam.

FISHER HILL RESERVOIR.

On Oct. 7, 1885, a contract was made with Moulton & 0"Mahoney, of

Lawrence, for building Fisher Hill reservoir with its gate chamber, so

that this work Avas begun about 15 months before the pumping station.

The reservoir is built partly in excavation and partly in embankment: it is

rectangular in plan, 500 X 295 feet measured on the top of the inner

slope and 423 X 218 feet at the foot of the slope. The bottom pitches 2

feet from the outside toward the centre, so there is a depth of 20 feet of

water in the centre and 18 feet at the foot of the slopes, when the water

in the reservoir is at high water mark. The capacity of the reservoir

above grade 223, or the foot of the slope is 15,446,000 gallons.

The highest point in the lot on which the reservoir was built was at its

centre, and the surface sloped away from the centre in all directions.

This summit was practically the centre of the location of the reservoir.
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AMOUNT OF WP&K DOHET.

Profits. S5,8S.i.:)3 ; lusse;

2.746 cubic yards of clay used in puddle, at 82.30, $6,31

Work

, S4.796.09 ; total, Sl.0gu.24 i profit on clay, $1,510.30 ; total profit, 82,609.54.

5.80 ; 2,746 cubic yards of clay furnished by sub-contractor, at S1.75. S4.805.50 ; profit on clay, 11,510,30,

commenced, Oct. 10. 1885 ; work finished. Nov. 18. 1887.

BOSTON WATER WOUKS—CONSTRUCTION ACCOUNT, FISHER HILL RESERVOIR.
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and was 20 feet above its finished bottom, consequently tiie amount of

earth excavation was more than usual in a reservoir of this capacity. In

designing this reservoir, the capacity and elevation were assumed as fixed

by the requirements of the case, and the different sites were judged by

these standards. The elevation was established from the fact that this

was to be the main reservoir to supply the two distributing reservoirs

—

one already built on Parker Hill, in which high water is atgrade 219 ; and

a second one which it is proposed to build at Roslindale at practically the

same elevation. The bottom of Fisher Hill reservoir was fixed at grade

221 and high water at grade 241, so the latter can be completely emptied

into the two distributing reservoirs, and when both reservoirs are full

there is head enough to give a velocity of about 3.5 feet per second in a

30-inch pipe connecting the two reservoirs. If the reservoir had been

built at a greater elevation the first cost would have been somewhat less

by diminishing the amount of earth excavation ; but every additional foot

the water is lifted above the required elevation is a perpetual expense, and

when the consumption amounts to 10,000,000 gallons per day, will more
than equal 4 per cent, on the cost of the extra excavation.

The site of the reservoir was covered with black loam, averaging one

foot in thickness, and with about the same amount of yellow loam, the sub-

soil being a compact, clayey gravel of excellent quality for reservoir em-
bankments. The only exceptions were some veins of loose gravel and
sand that ran diagonally across the reservoir.

One of these veins extended into the excavation for the gate chamber,

and was completely cut off by that structure. The principal vein extended

from near the southeast corner of the reservoir across the reservoir and
through the western bank, and was about 25 feet in width.

An excavation carried 7 feet below grade failed to cut it off, the material

apparently becoming coarser instead of disappearing. The concrete foot

Avail at that point was made of Portland cement, and extended to the

depth of the extra excavation.

The embankment is 20 feet wide on top, with outside slopes of 2 horizon-

tal to 1 vei-tical and inside slopes of If to 1.

The method of building the banks was as follows : After the location

£< >r the embankments had been stripped to the hard-pan, horizontal steps

were cut on sloping ground and the material from the excavation was
spread in 4-inch layers, wet by watering carts and thoroughly rolled with

grooved rollers. All stones larger than 3 inches in diameter were picked

out before rolling. Care was taken to keep the coarser material on the

outside of the embankment. The inner slope was built one foot thicker

than required, and afterward trimmed off to the proper line so as to insure

solid work on the face, it not being practicable to roll the edge of the

slope as thoroughly as the other portions. This rolling was very thor-

oughly done at a cost of 24c. per cubic yard, including water and use of

plant.

The inner slope of the embankment is covered, to a line 2 feet above
high water, with a layer of puddle 2 feet in thickness. This is made by
mixing brick clay with selected material from the excavation in the pro-

portion of one part clay and two parts of gravel, from which all stones

larger than 1 inch in diameter were removed.
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The puddle was generally mixed in large boxes located on the slop..

above the points where the puddle was to be deposited.

At first an attempt was made to mix the puddle in pug-mills, but the
operation wa > too slow and expensive, and also left the puddle in too moist
a condition to he used in surfacing the slopes.

When mixed in boxes the clay was partially pulverized and spread in

alternate layers with the gravel; each layer was soaked with water to

soften the material.

After standing some time the material was cut down with shovels,

mixed together, then shoveled into the slopes and rammed into pi ac

with wooden rammers. The great tendency was to make the puddle too

wet. so that it sometimes crawled on the slopes and in drying became
full of sun cracks.

The amount of water used was regulated by the condition of the clay.

If the clay was thoroughly pulveiized before mixing but little water was
necessary, but when mixed in a lumpy condition a thorough soaking was
necessary to soften it sufficiently to be thoroughly mixed. The best re-

sults were obtained by spreading the clay over a smooth, hard surface and
thoroughly pulverizing it with a grooved roller. This could only be done
successfully in dry weather, when it could be easily reduced to a powder.

Clay that was piled up over winter and exposed to the action of the frost

was more easily worked.

After the puddle had become sufficiently hard the sun cracks were
calked with a tool made from a piece of plank with a handle, and driven

with large mallets. The surface was then trimmed to line and covered

from the base to grade 235 with a layer of Portland-cement concrete 9

inches thick. This concrete was put on in sections, about 10 feet wide.

Planks, 9 inches in width, were laid on the slope at each end of a

section, and the upper edges set exactly on a line with the finished face of

the slope. Covering planks were spiked on to these rangers, one at a

time, and the concrete rammed between the puddle and the planks, the

planking being carried up just in advance of the concrete filling. When
the section of concrete was partially set the planks were removed and the

surface was troweled over and surfaced with mortar.

A space about six inches wide 'was left between the sections so the ranger

planks could be removed. These spaces were allowed to remain unfilled

for some time, so that any settlement in the puddle would be less liable to

crack the concrete. Two-inch wrought-iron pipes were built into the top

and bottom of these gaps to drain the back of the concrete when the water

in the reservoir may be drawn down.

The slope above the concrete to grade 243, or two feet above high water.

is covered with paving of an average thickness of 15 inches, which is laid

dry on a bed of broken stone generally 12 inches thick, but two feet

thicker on the upper portion.

The paving stone came from ledges in Brookline and Roxbury, with the

exception of the top course, which is granite.

The concrete on the slopes was not laid within six feet of high water

line, and is thus protected from injury by frost in any ordinary condition

of storage in the reservoir.

The concrete makes a clean, neat finish for the slopes, and the section of



HIGH-SERVICE SYSTEM OF THE BOSTON WATER-WORKS. 463

the reservoir can be finished exactly to the neat lines, so its capacity can

be accurately figured. It is also cheaper than paving on a stone ballast.

Using the prices paid on this contract, the saving was 43 cents per square

yard. Using the estimated prices, the saving would be 70 cents per square

yard.

To prevent any slipping of the puddle and paving on the slopes, an

abutment of American cement concrete was placed at the foot of the slope.

The bottom of the reservoir is covered with puddle 2 feet in thickness,

made from brick clay and selected material from the excavation, generally

in the proportion of one part clay and five parts gravel. This puddle was

mixed in place as follows : A layer of gravel was spread, the large lumps

broken, stones picked out, and was pulverized with a disk harrow ; a thin

layer of clay was then added and treated in the same manner ; the layers

were wet by a watering cart, and a second layer of gravel was spread.

After the top layer had been harrowed and mixed with the preceding

layer, and had been sufficiently moistened, the combined layer was thor-

oughly rolled with grooved rollers. The thickness of the two layers of

gravel and one of clay, when combined, was 4 inches. The proportion of

clay was regulated somewhat by the character of the bottom and by the

quality of the gravel put into the puddle, but was generally as above stated.

Puddle can be made in this way at a very small cost if the material can

be used directly from the excavation without rehandling. The actual

cost, as figured from the force account, was 34 cents. The slope puddle

cost the contractors 71 cents per cubic yard.

A strip of Portland cement concrete, 10 feet wide and 6 inches thick,

was laid along the foot of the slope. A gutter of the same material is

built in the centre of the reservoir, and extends into the gate chamber to

drain off the bottom of the reservoir.

The inner slope above the paving, the top of the embankment, with

the exception of the gravel walk and the outside slopes, are covered with

2 feet of loam. A berrne extends nearly around the outer slope of the

the embankment. This bernie is 12 feet wide and its top surface is 7 feet

below the top of the embankment. This berme was not on the original

plan when the work began, but it made a convenient way of disposing of

the surplus material, and it is also a convenience in caring for the slopes.

The material was not spread in layers or rolled, it not being considered a

part of the embankment proper. .

The cross sections were taken every 25 feet upon the site for the reser-

voir and the sections were plotted on cross-section sheets on a scale of 50

feet horizontal and 10 feet vertical. In making the monthly estimates,

the heights taken on the excavation were plotted on the same sheets and
the amount of the excavation was obtained by means of a planimeter.

The leveling was done by the method described by Mr. F. P. Stearnes

before this society in 1885. The level was set at some fixed grade

and the heights were read from a 15-foot rod that was graduated to read

from the top downward. The level being set at a grade of some whole
foot, whose last figure was 5, it follows that if the reading on the 15-foot

rod was 0, the height at that point must be some even foot whose last

figure is zero, and whatever the reading is on the rod, it must be added to

the latter grade.
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For example, if the instrument was set up at grade 345, a reading of

zero on the rod would be equivalent to grade 230, a reading of 1.20 on the

rod would mean grade 231.20, etc.

Of course the level could be set at any elevation, and the readings on the

same rod woidd be added to a grade 15 feet less than the height of the in-

strument, but it simplifies the matter very much to use the first

method

.

The. cross-section sheets can be taken on to the ground and the heights

plotted as fast as they can be read. The only drawback to this method at

Fisher Hill was that estimate days were notoriously rainy or windy-
When one is employed on a work of this character he becomes so familiar

with the elevations of the different points that it is a very simple matter

to set up a level at the desired grade.

Steel ploughs, drawn by four horses abreast, were used to loosen the ma-
terial in the earth excavation. Two, and sometimes three of these ploughs

were used, and the engineers were fortunate when they did not have to

cross-section the wdiole location for the monthly estimates. For this rea-

son the method just described was unusually advantageous.

The gate chamber is located at the centre of the eastern embankment. It

feet is 20 X 20 feet 10 inches inside dimensions, with side walls of granite

masonry. These walls are 26 feet high, 5 feet 6 inches thick at the. bot-

tom, and 3 feet 6 inches at the top. A concrete foundation 2 feet thick ex-

tends under the whole chamber, and below this foundation are three cut-

off walls of concrete 2 feet thick and 2 feet wide, which extend across and
under the foundation, parallel with the center hue of the embankment.
There are two rubble buttress walls on each side of the chamber extend-

ing into the embankment. The sides and front of the chamber are sur-

rounded by a puddle wall 2 feet thick.

The chamber is divided by brick walls into effluent and influent cham-
bers.

There are two 30-inch X 30-inch iron sluice gates, one near the reservoir

end of the influent chamber and one in the division wall between the two
chambers: tvro 36-inch X 36-inch gates are placed at different elevations

near the reservoir end of the effluent chamber, and there is one 16-inch

X 16-inch waste gate.

By closing the gates in the influent chamber the water entering the

reservoir can be made to pass over a weir, by which the water delivered

by the pumps can be measured. The sides of the influent chamber in

front of the weir are faced with brick to present a smooth surface to the

water approaching the weir. At the official test of the pumping machinery
in August and September. 1888, the sides of the approach were faced with

planed wdiite pine to make as smooth a surface as possible.

When the weir is in operation there is a depth of over 20 feet in front of

it and the channel is 5 feet 8 inches wide, so the velocity of approach is

practically removed.

A convenient dry chamber for the hook gauge can be made between the

gate and the stop planks in the cross-connection chamber.

The water enters the gate chamber from the force main, and is con-

ducted from thence to the centre of the reservoir through a line of 36-inch

pipe, where it is discharged upon an apron of Portland cement concrete.
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The last three lengths of the pipe are deflected vertically, to direct the

current upward and prevent the scouring of the reservoir.

The water leaves the effluent chamber through a 36-inch pipe, reducing

to 30 inches after passing beyond the embankment, and continues a dis-

tance of 6,800 feet to the corner of Prince and Perkins streets, where a

branch is located to be extended to the proposed reservoir at Roslindale.

The 30-inch pipe is reduced to 24 inches beyond this branch, and is laid

to Parker Hill reservoir, a distance of 8,000 feet.

A force account of the work on the reservoir accompanies this descrip-

tion. FTom these figures it appears that 1.43 barrels of cement were used

per cubic yard of American cement concrete, 1.54 barrels of Portland

cement per cubic yard of concrete, and 1.13 barrels of American cement

per cubic yard of brick masonry. These amounts are about 1 of a

barrel more than shown at the pumping station.

In the rubble masonry rectangular granite blocks were used, and laid

with close joints, so that only TVu of a barrel of cement per cubic yard

was used.
WEST ROXBURY HIGH-SERVICE.

The highest lands within the limits of the city is Bellevue Hill, in West
Roxbury, whose smnmit is 331 feet above water-works base, or 90 feet

above high water in Fisher Hill reservoir. There are about 100 acres of

land above grade 200, and 1.500 acres above grade 170.

The population of these elevated districts will always be comparatively

small, and it would not be advisable to pump the whole of the water

used in the high service to a height adequate to supply these extremely

high points. The alternative was to build a separate system on a small

scale. The plan adopted was designed to supply the territory above grade

170. This was accomplished in 1886 by building a small pumping station

at the. corner of Washington street and Metropolitan avenue, in Roslin-

dale, containing two Knowles' pumps, each with a capacity of 400,000

gallons per 24 hours, and two upright boilers, 42 inches in diameter and
containing 85 2-inch tubes six feet long. A 12-inch force main, 4,000 feet

long, connects the pumps with a wrought-iron tank 24 feet in diameter

and 40 feet high, located on the summit of Bellevue Hill.

This tank holds 125,000 gallons when filled to within three feet of the

top.

The tank is located on a lot of land that was given to the city of Boston
for park purposes, and as it is the highest land within the limits of the

city, an unusually fine view is presented on all sides. An observatory

tower has been built over the tank, which prevents all trouble from ice in

the tank, and at the same time is a very appropriate structure for the lo-

cality.

The height of water in the stand-pipe is shown at the pumping station

by a mercury gauge. An independent lead pipe was laid in the trench
with the force main and connects the gauge with the standjnpe.

The description of the high-service works of the Boston Water-Works
would not be complete without mentioning those at East Boston, which
are independent of the main works.

The first works were built in 1880 to increase the supply on two hills in

East Boston which at that time were but poorly supplied from the low ser-
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vice. A small wooden pumping station was built on the reservoir lot on

Brooks street, and water was pumped from the low-service main
check valve with a by-pass, placed in the pipe between the pump and the

reservoir.

By weighting the lever ama of the by-pass the pressure in the distribut-

ing pipes can be regulated at pleasure, the .surplus water entering the

reservoir and furnishing the supply at a diminished head when the pumps
are stopped

The pumping plant consisted of two Worthington pumps, each of a

capacity of about three-quarter million gallons per day. the steam being

furnished by two upright boilers 42 inches in diameter.

Breed's Island, a portion of East Boston has never been supplied with

water. Its elevation is too great to be reached by the low-service works,

and as there were only a few houses on the summit, nothing was done
about furnishing au independent supply until 1888. and the works are now
nearly completed. There are about 100 acres on this hill above grade 50,

and its summit is at grade 155.

A new station, built of brick, is located on Condor street at the foot of

Brooks street. This is to supersede the small station on the reservoir lot,

and will also contain the pump to supply Breed's Hill.

A 12- inch force main 11.000 feet long is laid from the station to a stand-

pipe on the summit of Breed's Hill. This stand-pipe is the same size and

similar to the one at Bellevue Hill.

The piping at the station is so arranged that either one or all of the

three pumps can supply the new stand-pipe or the old reservoir in Brooks

street.

Steam is furnished by two upright tubular boilers 48 inches in diameter

and each containing 340 square feet of heating surface.

The height of water in the stand-pipe is indicated and registered at the

pumping station by one of Winslow's electric gauges.

The height of water in the reservoir is shown by a mercury gauge conr

neeted directly with the reservoir by a half-inch lead pipe.

FOUNDATIONS OF THE LIMFJORD BEIDGE.

By O. Sonne, Member of the Engineers' Club of Kansas City.

[Read May 6, 1889.]

The Limfjord bridge was built for the Danish State Railroads as early as

1874-78, and therefore a description of the works on the foundations can

hardly be expected to furnish much that is novel or worthy of imitation

:

but as many difficulties w^ere encountered which would be called quite

serious even at the present day, and as most of the piers reached to the

greatest depth attained up to that time, a short account of the work, with

its failures and triumphs, may not be without interest.

The bridge Avas built near Aalborg to connect the two parts of the trunk

line, which runs near the eastern coast of the Danish peninsula and forms

an important connecting link between Sweden and the European con-

tinent: besides it is the main artery of the peninsula itself. Before the

completion of the bridge, the transfer of freight and passengers across the
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Limfjord was effected by means of ferry-boats, with the inconvenience

and loss of time always attached thereto, and with frequent blockades dur-

ing the winter. The surveys and borings showed clearly that considerable

time would be consumed and diffictuties of a hitherto unknown character

encountered in building a permanent bridge, but at the same time the ad-

vantages of a bridge were considered sufficient to counterbalance the prob-

able cost, and the government decided to proceed. In order to take ad-

vantage of the experience gained in other countries on similar works, an
international invitation was issued to compete for the prize which the

government offered for the best design.

At the site selected for the bridge the bottom consists of soft mud, the

upper part almost liquid, increasing in solidity downward. The lower

parts consist of a mixture of mud, shells, organic matter and sand. Below
this the original bottom of the fjord is found, at the northern shore at a

depth of 53 feet below mean stage of water, sloping toward the south to

a depth of 113 feet below mean water. It consists mainly of sand, with

layers of clay of less magnitude. The sand is coarse on top, becoming
gradually finer downward to a depth of 155 feet, at which pomt the

borings were stopped. Very nearly the same features obtain for a long-

distance on both sides of the bridge site. The Limfjord at this place is

about 2.700 feet wide, Avith shallow water next to the shores, leaving a

channel 1.000 to 1.100 feet wide and 40 feet deep, which is not subject to

material changes. The maximum velocity of the current is 7 feet per

second, caused partly by the tide and partly 'by wind. The former is

insignificant, the spring tide being only 16 inches, whereas the wind causes

changes in the stage of water from 5 feet above to 2* feet below mean
water. The ice, in exceptionally severe winters, reaches some 20 inches in

thickness, ordinarily only 6 to 12 inches. When it breaks up with a cur-

rent from the west its force is considerable, and has to be guarded against:

while the ice coming from the east is rather insignificant, and, besides, a

pontoon bridge, built east of the railway bridge, serves as an efficient ice-

breaker.

Some of the re< 'urenients for the bridge were:

That its total length be 1,236 feet.

It should be provided with a draw with two openings, each of them 78

feet in the clear.

It should carry- a single railroad track, and be so constructed as to serve

as a highway bridge besides.

Top of rail should be 10 feet above mean water, and the superstructure

leave at least 8 feet clear above mean water.

The supei-structure for the railroad track should be designed to carry a

live load of 1 ton per lineal foot ; the live load for the road and sidewalks

was fixed at 50 pounds per square foot.

The piers should be tested with a load equal to three times the weight
they would ever be called on to sustain.

Out of thirty-three projects and bids which were received, one was
chosen, presented by the French Bridge Company, Compagnie de Fives-

Lille, proposing to sink circular stone piers, 19^ feet in diameter, by the

pneumatic process, down to solid bottom, i. e., 113 feet. If it should

prove impracticable to sink them below 83 feet, which was the greatest
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depth yet attained, it was proposed to put in screw-piles from the air-

chamber, and in that way obtain a solia support. The superstructure was
to consist of prismatic girders, with two fixed spans south of and four

north of the draw, the track to be supported at the bottom of the girders

and the highway to be on top, with separate a »proaches of iron. This

project was somewhat modified ; the total length of the bridge was re-

duced and the dimensions of the piers were enlarged; besides it was re-

commended, in case the piers should not reach solid bottom, to drive down
hollow iron cylinders by means of compressed air, instead of using screw-

piles. This expedient, however, was not required, as' all the piers were
successfully carried to a solid foundation. The superstructure, although

designed to carry the additional weight of a highway, was only provided

with a railroad track, the construction of the highway not being deemed
urgent at the time.

As finally built the main bridge had the following spans, beginning

from the north end: Two spans of 226.2 feet and 260.7 feet, covered with
continuous girders; two spans 87.85 feet each, covered by the draw, and
two spans 217.0 feet and 215.9 feet, covered by continuous girders. Num-
bering the piers from the north, Nos. 1 and 7 were made 14.6 feet and 32.8

feet over all, the cross-section rectangular with a semi-circle at each end.

Piers Nos. 2, 3, 5 and 6 were 16.4 feet and 41.0 feet over all, the cross-sec-

tion rectangular, with a semi-circle on the east end and a pointed cut-

water on the west end. Pier No. 4, the pivot pier, tubular, 27.9 feet out-

side diameter, 11.5 feet inside, with a pointed cut-water on the west side,

making the dimension in the direction of the current 36. 9 feet. The piers

were built without a batter, and the dimensions mentioned apply to the

main body of the piers from the cutting edge of the caisson to 7.2 feet be-

low mean water. At this height is an offset of about 18 inches, and from

2.6 feet above mean water to the top, piers are rectangular, with broken

corners, except the pivot pier, which is circular.

When the bridge was nearly completed it was found desirable to add
two short spans, one at each end of the bridge; the additional piers were

built on land and supported by piles. Presenting nothing of special inter-

est, they will not be included in the following general description of the

piers.

With allowance for the diffierence in cross-section the piers were all of

the same type. The caisson was built of iron after the common model, its

shape and dimensions corresponding with those of the pier; the height in-

side varied from 7.9 feet to 8.9 feet, the sides were made of

^-inch plate iron, stiffened by horizontal angle iron and re-enforced at the

cutting edge. On the inside of the walls triangular plate iron brackets

were riveted to the side of the caisson 40 inches apart, extending from the

cutting edge to the ceiling, and 3 feet wide at the top ; these brackets sup-

ported riveted plate girders 20 inches high, to which the ceiling was riveted.

One shaft 6^ inches in diameter went up through the pier; it was made in

sections of 6-£ feet and of f-inch plate.

The sides of the caisson were extended upward with a thickness of 3%
inch, and the upper edge kept above the water to serve as a coffer-dam

for the masonry, which was put in only fast enough to overcome the

buoyancy and friction of the pier.
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The main body of the piers was built of hard burned brick of excellent

quality, protected by the iron coffer-darn up to the offset. 7 feet 2 inches

below mean water; from here upward the outside of the pier and the copings

were of granite, the interior of brick. The mortar used was made of Port-.

laud cement, mixed in the proportion of one of cement to two of sand.

The sinking of the piers was conducted from scaffolds, of which the ones

used at piers No. 1 and 7 consisted of twenty-four 13-inch piles, 50 feet

long, supporting a platform, wliile each of those used for the other piers

consisted of six piles 40 inches in diameter 90 feet long, built up of eight

pieces of timber well fastened together, as shown on the drawing ; on the

lower part the diameter was increased to 52 inches by a 6-inch planking.

It was first attempted to sink these piles by means of a Friedrnann's

pump, constructed on the same principle as a Gifford's injector. A cur-

rent of water is forced through it under a pressure of about 100 pounds,

and causes a suction through the pipe at the bottom. This pump was ap-

plied to the bottom of the piles, and it was intended that the suction

should draw the mud up through an opening 15 inches square, left

through the centre of the pile for that purpose, but although a system of

rotating knives was added at the bottom of the piles to loosen the mud the

plan did not succeed. The mud, though soft, was still too stiff and tena

cious. After this unsuccessful experiment the piles were forced down by
a direct application of weight. For this purpose a scaffold 40 feet high

was built on two pontoons 85 feet X 11 feet X 3 feet 6 inches, connected

by cross-girders, and far enough apart to leave room for the pile between
them. The pontoons were anchored in the place where the pile was to be

sunk, and after the pile had been raised between the pontoons and pulled

down through the upper layers of mud with ropes and winches, the weight

of the pontoons was brought to bear on it by means of rods that passed

from the deck up through two cross timbers on top of the pile, where they

were held by nuts and washers. By tightening the nuts as the pile went
down, and by loading the pontoons, the weight applied was brought up to

165.000 pounds. In this way a penetration of about 40 feet was obtained,

and six to eight men wotdd sink one pile in two days.

After the piles were sunk a platform was built near the surface of the

water, and here the caisson was put together. Resting on top of the piles

were iron girders that served as support for four rods hooked around the

cutting edge of the caisson and intended to keep the piers suspended till it

reached solid bottom. Each rod was composed of links, and could be

lengthened as the pier went down. It ended above in a screw 2-g inches

in diameter, 8 feet long, and was held by nuts and washers on top of the

iron girders. An iron strap was suspended on each side of the rod to hold

the weight of the pier wliile the rod was lengthened. The drawing shows
the arrangement. A and B are two adjoining links, their combined length

6 feet. In the position shown the piers can be lowered—by loosening the

nuts above—until the upper end of A approaches the lower end of strap E,

then a pin inserted at d transfers the weight to the strap, and two more links

can be added between A and the screw, after which the pin at d is re-

moved and the lowering of the pier resumed.

When the caisson was put together and suspended the platform was re-

moved and the caisson lowered into the water, sections of the shaft and of

th< otil ide iron shell put in, aud at tho same time the masonry would be
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started, first along the outside of the pier and around the shaft, while the

main body of the masonry would be put in later as needed to overcome

the buoyancy and Mction of the pier. A space of a few inches was left

open between the masonry and the shaft, in order to make it easier to re-

move the latter afterward.

The excavation was done at the beginning of the work with the above

mentioned Friedmann's pump. However, it did not work satisfactorily

on account of the consistency of the bottom, and after having been used

for about six weeks it was definitely abandoned. After this the material

was dug out with spades and shovels, filled into buckets and hoisted up
into the air-lock, at the upper end of the shaft, and from there passed out

into the open air. To accomplish this a box was inserted in one side of

the air-lock, divided in two parts, each of which was made to open from

the outside and inside. When filled with excavated material from the in-

side the box was closed, relieved of the air pressure and emptied from the

outside, and by using the two compartments alternately the work pro-

ceeded without interruption.

Occasionally during the sinking of the piers the character of the material

would permit the excavation to go on without compressed air, either when
the material was so soft that a clam-shell dredge, working through the

open shaft, could keep the pier going, as was the case on piers No. 3 and 4,

that were sunk in this way to 85 feet below mean water, or when the bot-

tom was so impervious to water that the air chamber would keep dry with-

out air pressure. This advantage was had at several of the piers, only for

a few feet, however.

The construction of the air-lock underwent considerable changes during

the work. At first it consisted simply of a section of shaft, with trap-

doors in the ceiling and floor, and with the above-mentioned box for pass-

ing out the excavated material, together with the gear for the elevator,

which was run by compressed air. This arrangement was very soon found

to be imperfect. The elevator had to stop every time the air-lock was
closed, and especially when the pressure went up to about three atmo-

spheres; the equalizing of pressure in going in an out occupied so much
time, and the changes of crew took place with so short intervals, that a

great deal of time was lost. To prevent this, two separate air-locks were

riveted one on each side of a section of shaft 9 feet high, which contained

the box for passing out material and the gear for the elevator. As this

section of shaft was constantly in connection with the air chamber, the

elevator could be run without interruption, and one set of men could

go out while another went in. The elevator, which was at first run by

compressed air, was changed to be turned by hand with cranks on the out-

side of the shaft, and afterward to be run by a steam engine standing on

the top section of the shaft.

How much time was saved by the change in the air-lock may be judged

from the circumstance that with comparatively low pressure the men
worked four hom-s with eight hours' rest; with heavy pressure only tliree

hours with nine hours' rest, and on account of the bad effect of the press-

ure on the men, and especially of gases arising from the bottom, the sup-

ply and escape cocks in the air-lock had been diminished from necessity to

such an extent that with a pressure of three atmospheres it took 45
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minutes to change the pressure in the air lock, and consequently at least

one-fourth of the time would go to change the crews.

When the pier had been land( d the air chambers were filled up with

concrete, consisting of one part Portland cement to two parts of sand and

four and a half broken stone, covered with a layer of cement mortar

to keep out the water. The air pressure was diminished gradually, the

shaft taken out and the well filled with concrete, and the masonry com-

pleted. Above the offset, 7.2 feet below mean water, a temporary

coffer-dam of iron was used, while below the offset the iron sheathing was

left in. On the pivot pier, winch was built hollow, the well, ll£ feet in

diameter, was filled up with sand. After the completion of the piers a

large amount of rip-rap was placed around them, with the view to afford

them a better support sideways than could be obtained from the mud; a

total of about 15,000 cubic yards was thrown in for this purpose.

A peculiar accident happened on pier No. 5 when it was nearly finished:

the pier was landed and the air chamber filled with concrete. When it

was attempted to remove the shaft, which had been an easy matter on

the other piers, it was found impossible to move it, probably because the

lower section was held by mortar, etc., that had been dropped between it

and the masonry. It was then decided to disconnect at the next higher

joint, and as some water had seeped through the concrete, the pressure

was let on, and three men went down to loosen some of the bolts. They
remained below for three hours, and had just given the signal to diminish

the pressure, when suddenly the shaft, 98 feet long, was thrown out of the

pier with so much force that the lower end went some 30 feet above the

top of the pier. It turned over and fell into the water, knocking a hole in

the coffer-dam, so that the pier filled with water. The three men were

killed : one of theni went up with the shaft, the two others perished in the

pier. The pier was not damaged seriously. The coffer-dam was easily

repaired, only the water on rushing in carried some material down into

the well, which was removed with a clam-shell dredge, except about six

feet of pure sand that was allowed to remain in the pier. The cause of

the accident was probably that the laborers removed too many bolts before

giving the signal to diminish the pressure, which was 35 pounds, so that it

tore out the remaining bolts and ejected the shaft. An examination proved

that no explosion could have occurred, while the calculated height to

which the compressed air could throw the shaft agreed very well with the

observed height.

Another accident occurred, this time at pier No. 2, carrying with it no
loss of life, but otherwise in its consequences of vastly greater significance

than the one just mentioned. The pier had been lowered to about 52 feet

below mean water, when, during a heavy gale, the barge that carried the

air-compressors, steam engines, etc., sprung a leak and upset. The boilers

were lost, but the machinery was recovered. The work had already been
suspended on account of the storm, and probably for this reason no life

was lost, but the loss of the boilers contributed to a great extent toward
the subsequent accident, the complete overturning of the pier. As no
other serviceable boilers were on hand the air-compressors could not be
worked, and, in order to lose as little time as possible, the work on the

masonry was continued and the pier allowed to sink without any excava-
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tion being done. The pier was sliil suspended in the four rods, but in the

absence of air-pressure to lighten the pier, and with ji ;
» possibility of regu-

lating the sinking from below, the only means to keep the pier in equili-

brium was to counteract an initial leaning by adding masonry on tin

opposite side. This worked very well, however, until the cutting edge

was 62 feet below mean water. At this point the pier began to lean over

north, and got out 13 inches from the vertical position. By adding
masonry on the south side it was straightened again, but began imme-
diately to lean over south, and this movement continued in spite of all

efforts to check it. Masonry and loose stone were piled up on the north

side and jacks applied between the scaffold piles and the pier, to no avail.

The pier turned over completely and took the scaffold with it. The cut-

ting edge had at this moment reached to 691. feet below mean water, and
the masonry was carried up to one foot above the water. The pier turned

over on the centre line of the bridge and moved a little toward the north:

it turned, as it were, on a pivot 16 feet above the cutting edge. The mi >st

plausible explanation of the occurrence, which was also afterward con-

firmed, was that the pier struck a thin layer of comparatively hard ma-
terial sloping toward the north. On reaching it the pier would naturally

lean over north, and after it had been straightened , and lowered further

the north side rested on the hard layer, while the south side had pressed

through it, and the tendency of the pier to lean was thus reversed; while,

moreover, the excess of masonry on the south side, instead of counter-

acting the tendency, would further it. Afterward, when a new pier was
sunk, a layer of this kind was actually found.

Now a serious question arose as to whether it should be attempted to

sink a new pier in the same place as the old one, or build a double pier

straddling it. The third alternative, viz. , to change the lengths of the two
adjoining spans, so as to get away from the old pier entirely, lying as it

was on the centre line of the bridge, was rejected at once, as it would require

too much alteration in the superstructure.

The first alternative would afford the most satisfactory solution, but

would involve the piercing, at a depth of 60 feet, of the masonry of the

old pier, lined on the inside and outside with iron ; and, even if it was
possible to carry the new pier down to full depth afterward without get-

ting it wedged in between the two pieces of the old pier or pushed out t< >

one side, it was evident that the work was attended with great risks, and
that it might result in a failure. On the other hand, the second alterna-

tive would be about as expensive as to build two complete piers, and woidd

require an expensive iron structure to support the girders, besides ruining

or at least badly interfering with, the symmetry of the bridge. It was

feared that any blasting for the purpose of destroying the old pier might

injure the other piers, and no attempts were made. After weighing all

circumstances, the contractors finally took courage and decided to sink the

new pier in the same place as the old one.

The overturning of the first pier occurred on Aug. 8, 1876, and the scaf-

fold for the new pier was not commenced till the spring of 1877. On

July 5, 1877, the new caisson was put together and the sinking com-

menced. When a depth of 40 feet had been reached, the contractors lie-

came aware that it would be necessary to move the pier: if not. it would

strike the old caisson, and to break through that would lie to undertake
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too much. They were allowed to move it 10 feet 4 inches south, the length

of a panel, and this was accomplished slowly, but successfully, by jack-

ing over the iron girders in which the pier was suspended, while at the

same time air pressure was applied to lighten the pier. On Aug. 25, 1877,

the cutting edge reached the overturned pier at a depth of about 43 feet,

and great caution had to be used to prevent the pier from sliding on the

inclined surface. The iron and masonry was cut with chisels as far out-

ride of the cutting edge as it was possible to reach, in order to prevent the

wedging in of the new pier. It was slow work, and especially the cutting

up of the shaft presented many difficulties. When the new pier reached

through the masonry with the south side, it got an increasing tendency to

lean over north; but a bracing against the superstructure, which had by

that time been rolled out from the shore to midway between piers No. 1 and

3, set it straight again. At a depth of 65 feet some large pieces of iron were

unexpectedly encountered, which proved to be the entire southern wall of

the old caisson, with the brackets attached, but without any parts of the

ceiling, which probably, together with the north side of the caisson, remained

in place. This was another obstruction, and not till April 4, 1878, were the

last pieces of the old pier .removed, seven and a half months after the pier

was reached, during which thne forty men had been at work night and day.

In all were removed 45,000 pounds of iron, 366 cubic yards of masonry,

and 175 cubic feet of lumber belonging to the scaffold. During the re-

mainder of the lowering some friction was noticed, caused by the old pier,

But the sinking was completed successfully Aug. 11, 1878, and, strange to

say. this pier is the only one in the bridge that is perfectly vertical.

In conclusion, the following list gives the time consumed in building-

each pier, as far as known, and the depth to which it was carried. The
piers are named in the order in which they were built:

Pier No. 7.—Sinking commenced September 23, 1874; the pier finished

September 17. 1875; time. 12 months, with some interruptions; depth 113.5

feet.

Pier No. 1—Sinking commenced April 1, 1875 ; the pier finished to above

the water June 5, 1875 ; thne, 9 weeks ; depth 59.0 feet.

Pier No. 6.—Sinking commenced June 19, 1875 ; the pier finished July

27, 1S76 : time. 13 months, covering 5 months' suspension of work during

the winter ; depth, 112.9 feet.

Pier No. 5.—Sinking commenced September 21, 1875 ; the pier finished

February 25. 1877 ; time. 17 months, with several interruptions ; depth

112.9 feet.

Pier No. 2.—Sinking commenced June 10, 1876 ; overturned August 8,

1876 ; sinking of new pier commenced, July 5, 1877 ; the pier finished

August 11, 1878 ; time, 13 months ; depth, 111.9 feet.

Pier No. 3.—Sinking commenced September 7, 1876 ; the pier finished,

September. 1877 ; time, 12 months : depth, 111.7 feet.

Pier No. 4—Pivot Pier.—The last 26 feet sunk in 9 weeks ; depth, 111.55

feet.

The work was carried on under the direction of Mr. Tegner, Chief En-
gineer for the State Railways ; Mr. Simons, Resident Engineer. The en-

gineers for Compagnie de Fives-Lille were Mr. Pinguet, died at Aalborg
in 1^75. and Mr. Audebert.
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MONTANA SOCIETY OF CIVIL ENGINEERS.

July 20th, 1889.—The regular monthly meeting of the Society was held at the

office of Mr. Beckler, Chief Engineer Montana Central Railway, at 8 p. m. Pres-

ident B. H. Greene in the chair. There were present Messrs. Sizer, Wheeler, F. J-

Smith, Foss, Uanse, de Lacy and Keerl.

The minutes of last meeting were amended and approved.
Col. W. W. de Lacy, chairman of the Committee on Irrigation, submitted a

progress report, which was made the basis of a general discussion upon the irriga-

tion question. The report was received and ordered filed. It stated that the c re-

mittee had distributed about 1.000 circulars and township blanks, and had re-

ceived reports fiom several sections of the Territory aad were promised others.

Col. de Lacy named the 25th inst , at 7:30 P. m., and the Surveyor-General's of-

fice, the time and place for the next meeting of the Committee.
A communication was received and read from Mr. A. B. Knight, of Butte,

relative to the irrigation question. He suggested that this '"society anticipate the

probable demand for legislative action and professional services in Montana by
formulating legislation and by the consideration and discussion of the principles

involved and the problems presented." Mr. Knight expressed himself as being in

favor of State control of all irrigation works. He also called attention to the

necessity of providing through proper legislation for the inspection of highways
and bridges. These features were discussed by the meeting at consider-

able length, and the opinion prevailed that the interests of the State

demanded that she should be assured the best possible results in her pub-

lic works, anH that this could alone be secured through enactments which would
place in the hands of a competent engineer the direction of all engineering works
of a public character. The discussion resulted in the unanimous adoption of the

following motion :
" That Mr. Knight's letter be received and tiled and referred

to a committee of five to be appointed to memorialize the Constitutional Conven-

tion, in the name of the society, on irrigation, highways and bridges, and that

committee have full power to act." The chair appointed as such committee

Messrs. F. L. Sizer, A'.B. Knight, L. O. Danse, W". W. deLacy and Geo. O. Foss.*

A communication was read from Mr. Geo. H. Robinson stating that on account

of the demands upon his time he could not see his way clear to give the business

of the committees, upon which he had been appointed, that care and attention its

importance demands, and tendering his resignation as ,'hairman of the Committee

on the Boiler Inspection Bill and as a member of the Committee on Library. He
expressed his views upon the questions to be reported upon by these committees.

On Library, he called"the attention of the Society to the importance of securing

at once, by purchase, the proceedings of the American Institute of Mining En-

gineers, from the origin of this institution to the present time, and suggested that

the society become a regular subscriber for these proceedings. He stated that they
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would soon be out of print ; that there were now only eight sets in the Secretary's

hands for sale, and considering the valuable matter they contained, they ought to

have a place in our library. He suggested "that a special assessment be made of

f5 per capita upon all members for library purposes, such assessment to be made

payable with the regular annual dues, the funds to be expended under the direc-

tion of the Library Committee, and that each Member of the Society be requested

to suggest the titles and descriptions of desirable works, and that a record be kept

by said committee of such recommendations for future reference "

Upon the question of papers, he suggested "that in order to draw out criticism,

and argument from non-resident Members, that all pe pers considered of sufficient

importance by the Society, or a standing committee for that purpose, shall be

printed, and a copy sent to each Member, with the request that he submit a paper

to be read on the subject, either in criticism or as an original discussion, and that

a permanent committee be appointed for the examination of all papers for publi-

cation. I think this method would engender and foster the argumentative powers

of our members. This is the only way I know of that we can advance our position

as a Society. That each paper be submitted at least one month before a meeting

to said committee for examination, and if they think it worthy, have ic printed

and a copy forwarded to each Member, allowing them ample time for preparing

papers for discussion at the next regular meeting."

He suggested that the Society employ a stenographer to report its meetings, as

it would greatly improve the members as extemporaneous speakers. " The sten-

ographer to write up the proceedings, and give each member a chance to correct

his own discussion, if he desires; otherwise it is to appear in our proceedings]ver-

batim. "

Mr. Robinson's letter was discussed and ordered filed, and referred to the Com-
mittee on Library. His resignations were accepted, and Mr. F. L. Sizer was ap-

pointed to fill the vacancy upon the Committee on the Boiler Inspection Bill, and

Mr. Harry V. Wheeler to fill the vacancy uoon the Committee on Library.

The Secretary reported having received for the library two bound volumes of

the " Transactions of the American Society of Civil Engineers" for the year

1888 : also " Preliminary Report on the Use of Metal Track on Railways as a

Substitute for Wooden Ties, Bulletin No. 3, Forestry Division, Department of

Agriculture."

[Adjourned.] J. S. Keerl, Secretary.

* This committee met the 23d inst., at 7.30 p.m., at the Surveyor-General's

office, and prepared a memorial, which was submitted as follows to the Consti-

tutional Convention

:

To the Hon. Members of the Constitutional Convention, Helena, Montana :

The "Montana Society of Civil Engineers" would respectfully represent to your
honorable body that the subject of irrigation is now assuming the greatest import-
ance to all the people of Montana—that in the near future there will be constructed
large and extensive reservoirs, irrigating canals and other hydraulic works of
great magnitude, requiring a large amount of engineering skill and experience,
and that the lack of competent professional advice may lead to great loss of capital
and life, as has been demonstrated in this Territory in the past and more recently
in the terrible disaster at Johnstown, Pa., and the requisite safety can only be ob-
tained through the inspection of the plans for such works—and the works them-
selves—by a competent engineer.
That in other States, particularly in California and Colorado, the office of State

Engineer has been created, and the incumbent charged with the inspection and
supervision of such works.
We therefore would respectfully recommend to your honorable body that a pro-

vision be incorporated in the Constitution of the State of Montana creating the
office of State Engineer, to be appointed by the Governor, by and with the con-
sent of the State Spnate.
We would respectfully suggest that among his duties one of the most important

should be the examination of the plans of all proposed reservoir-dams and the
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periodical inspection of all daius and. reservoirs within the limits of the State, in
such manner as may be provided.
We would moreover respectfully recommend that in case the office is created,

the State Engineer should be ex-officio a member of the Commission in charge of
the State lands.
And your petitioners will ever pray, etc.

B. H. Greene,
Pres"t Montana Soc'y Civil Eug's.

J. S. Keerl, Secretary.
Helena. Montana, July 24, 1889.
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CLEARING WATER BY SETTLEMENT—OBSERVATIONS AND
THEORY.

By James A. Seddon, Member of the Engineers' Club of St. Louis.

[Read May 15, 1889 ]

There is much need of some definite knowledge of how water clears, or

what are the laws under which the sediment in suspension in it passes

out.

As far as the water-works engineer is concerned, the problem of simple

settlement is confined to the consideration of a mixture of small particles

of greater specific gravity than water, and of different sizes, which are

at the commencement of settlement about uniformly distributed through

the water, and which gradually settle out of it. That there must be some
law or laws by which they settle out would hardly be questioned

;
yet,

while any number of theories have been presented, I do not know of an
effort tbat has been made public to substantiate or value any of them by a

careful system of experiment and observation.

With the theories that have been advanced it is an open question

whether settling basins should be shallow or deep, open or covered, what
is the economic number in a given system, and even whether the settle-

ment should be accomplished by a system of filling and drawing in rota-

tion, or by a system of constant flow through the basins, water-works

under each system being at present in process of construction, with the

chances of making standing blunders on a large scale.

The experiments and observations that I have to present were under-

taken as a preliminary to the design of the settling basins for the St.

~x>uis water-works extension.

An effort was first made to reduce the range in size of sediment that is

found in the average water, and to observe, in the hope of suggestions,

the settlement in its simpler form, with particles not greatly differing in

size. This was done as follows: A gallon jar of muddy water was allowed

to stand five minutes and the water then siphoned off down to the sedi-

ment that had settled, the jar filled up with filtered water, shaken and
allowed to again stand five minutes, the operation being repeated until

the sediment left was of a kind that, when it was shaken up and allowed
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to stand, it would leave the water very nearly clear at the end of five

minutes. Having separated the five-minute sediment from the finer

grades, the rest was concentrated into a gallon jar and the ten-minute

sediment taken out in the sr.me manner ; that is, the jar was now allowed

to stand ten minutes, and the sediment settling in that time washed with

filtered water until it was clear of finer grades. After this the 20-minute,

1-hour, 4-hour and 24-hour grades were taken out in order.

These grades examined under the microscope showed a very fair gradu-

ation in order of size, much as a sample of river sand would show if sorted

by sifting through sieves of increasing degrees of fineness. In fact, the

generalization followed, that]where the grades of the sand bar ended—that

is, material rolled along the bottom or carried in intermittent suspension

—

the grades of the sediment, or material carried in permanent suspension,

began, forming an unbroken scale of increasing degrees of fineness.

The fact that a separation of the sediment could be made in this way
•was taken as a sufficient basis for the provisional theory that, in the main

,

settlement was simply due to the action of gravity on the range in size of

sediment, producing a corresponding range in the velocity of subsidence,

with which velocity the respective grades passed down. The repeated

washings with filtered water necessary to clear the finer grades from a

given class was considered due to the finer grades reaching the bottom

with that class from respectively lower and lower levels.

It was reasoned that if settlement followed this theory, there would

necessarily be formed a curve of clearing from the top, the shape

of the curve depending on the range and relative amount of the differ-

ent grades in the water, and that this curve would pass down to the

bottom through a definite phase. This curve could be clearly seen by the

eye to pass down in the 5 and 10-minute classes, and while not so percep-

tible in the 20-minute and 1-hour classes, still during their settlement pipette

samples taken from the top and bottom of the jar, when compared in test

tubes, showed the top sample the clearer. It will be unnecessary to

mention other experiments with the classified sediment.

The phenomena of settlement under this provisional theory may be

discussed as follows. We may conclude that as an average the same thing

is taking place in each vertical element, and so reduce the consideration to

that of a single element of indefinite depth.

Taking A B as such an element and knowing that at the beginning of

settlement the sediment is uniformly distributed through it, we may call

the amount of it at any point, sediment density, or S
x ; thus the total sedi-

ment in A B at the beginning of settlement is represented by the area

A B Y X. We may now arbitrarily take the sediment making up S as

arranged from ABinan increasing order of velocity of subsidence (ap-

proximately an increasing of size) and with this representation the theory

assumes that the area A B YX is made up of elements 1, 2, etc., which at

the beginning of settlement start to move down with their respective

velocities, as if they were solid strips; at the end of a unit of time, say one

hour, the upper ends of the elements would have moved down to a curve,

say A Zx , and above Zr there would be respectively less and less amounts

of sediment in the water as we approached the surface, the amount and

grade being given at any depth by the ordinate of 5 at that depth, to the
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curve .4 Zx . Or the amount of sediment AX Zx
would have settled out of

the water above Zlf while at the same time an equal amount would have

been deposited on the bottom. At the end of two hours the upper ends of

the elements would have moved down to the curve A Zz ,
where each

Fig. 1.

value of d is at just twice the depth that it was in A Z^ ; and so on for

further hours.

It may be noted here that if this were the phenomena of settlement, in

contrasting a settling basin of one depth with one twice as deep, the basin
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of double depth, though costing much more to build, would settle no more
water per day, as far as simple settlement was concerned; for though it

would hold twice the amount of water, it would take twice the time to

bring this water to the same average clearness. So that at the outset a
fundamental question as to the economic depth of settling basins rests on
the determination of whether this theory of settlement is the true one.

In considering test observations; from the conclusion on this theory

that the given elements making up the 8 of the water move down as if

they were solid strips, and that hence the same value of 8 was to be found
at a given depth in one hour, at twice the depth in two hours, etc., we see

that the curve ^4 Z 1 , or the V, 8 curve, should be determined from observa-

tions at any depth, for V would equal depth (d) divided by time of settle-

ment (T). If, then, samples of water were taken at 2 feet and 8

feet depths, respectively, at stated times, T
x
T2 , etc., when the values

of V — — were plotted to the observed values 8 of the samples, the points

from the 2 and 8 feet depths should give one and the same curve-

This would show that the velocity of subsidence of a given value of 8

down to 2 feet depth was also the same velocity of that value of 8

down to 8 feet depth, or that settlement was in accordance with the

above theory. If, on the other hand, the observations at 8 feet depth

gave a different curve from those at 2 feet, it would show that settle-

ment was not in accord with this theory, and also give a measure of how
far and in what direction the theory was in error.

With the above test in view, a series of observations on the settling

basins were planned. As some prior observations that had been made on
a number of samples suggested that a single sample taken from one place

in the basin was a very imperfect measure of the basin as a whole, atten-

tion was first directed to a method of securing a sample that could be re-

bed on. For this purpose an apparatus called a " Four-depth integrator "

was planned. With the accompanying drawing it will be sufficient to say

that its principle was that of a siphon drawing a small, uniform stream

through a rubber tube adjusted to a given depth, and weighted to stay at

that depth. The floats carrying the siphons were free from the float

carrying the bottles receiving the samples, in order that the siphons might

have a uniform head as the sample bottles were filled.

At the beginning of taking a series of samples the siphons were started

in the side bottles and the float run out and back over a portion of its

path, so as to clear the tubes of water in them, and get a distribution of

water as it then was at the respective levels. The siphons were then

changed to their respective bottles and the float moved slowly up and
down the basin for taking the samples. The rubber tubes were respec-

tively adjusted to 2, 4, 6 and 8 feet depth, and the series gave a simultan-

eous integration of the basin on these four planes, or observations in the

above vertical element A B, with the assurance that they represented the

average element.

The series were given numbers in order of taking, and the four samples

of a series indicated by sub-numbers 1, 2, 3, 4 corresponding to 2, 4, 6 and
8 feet depth respectively. The average period of making an integration

was about 20 minutes, and the mean tune was taken as the time of the
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St. Louis Water-Works, Low Service Extension.
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samples: continuous observations on the Telocity of the wind were also

made from the time that the basin was filled through the period of taking

samples.

The element 8, or density of sediment in the sample, was measured
in two ways. First, a liter of the sample was filtered and the weight

of sediment in it determined, giving sediment by weight in parts per

1,000 as a measure of 8. To make this determination with a precision

sufficient to approximate the small differences in weight between
two series of samples, or between the different samples of the same
series, required a very careful investigation into the absorption of

moisture by the filter papers, and a process of correcting^for the difference

of moisture at different times by the observed difference of moisture in

standard papers. This cannot be considered here further than to state

that in this way weight in parts per 1,000 was made a moderately fair

measure of the small changes of sediment taking place. The subject in

itself forms the material of a paper which has in part been presented to

the St. Louis Academy of Science. Second, a measure of 8 was made,
called a " Photo-comparator reading." The plate herewith shows the

apparatus and method of making this measure. The principle is seen to be

that of the Bunsen photometer, the point of equal fight being read, first,

with the lights clear; second, with a given thickness of the water sample

placed in front of the stronger light. The difference of the readings giv-

ing a measure of the light intercepted by the water sample, or the muddi-

ness of the water. This, so far as I know, is a new and very delicate meas-

ure of 8, and has the advantage of being rapidly made.

The drawing shows the apparatus as finally constructed, where two
standard sperm candles were used simply to standardize the weaker light,

and the stronger light was set from this to the zero of the scale. The
readings of the observations that will be presented were made with a pre-

liminary apparatus, in which the two sperm candles were used in the place

of the weaker fight, and the scale was shorter. A complete discussion of

this, with theory of length of scale, strength of lights, and probable error

of the observation, would, like weight of sediment, make the material for

a separate paper.

After some preliminary experiment with the apparatus, complete ob-

servations were made three times on the settlement of a basin, Nov. 12-13,

Nov. 14-15 and Nov. 16-17, all in a period of quite muddy and slowly clear-

ing water. In each of these sets of observations series of integral samples

were taken at intervals, designed to cover moderate changes in the clear-

ing, through the period of settlement, and the element 8 or density of

sediment in the sample was measured, which, with continuous wind ob-

servations, formed the data of a set.

A general time variation of the data of all three sets is shown on plate

I. The mean 8 of the four samples of each series is there plotted to the

time after filling when the series was taken, giving the average clearing

of the basin from series to series, with the respective variations of the

wind. These observations on the wind differ very much from the signal-

service observations on the Custom House dome ; but a considerable differ-

ence would be expected between the wind there and the wind on the

basin wall, where these observations were made ; and though simply
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measured with an air meter, faced at intervals about to the wind, and
not reading to velocities below 30 feet per minute, it is thought they give

a fair representation of the actual wind force acting on the surface of the

basin.

No definite effect of retarding the clearing can be assigned to the wind
from this data, for though the photo-comparator readings in the

November 14-15 observations, between 20 and 22 hours, seem to suggest a

retarding effect, the corresponding sediment by weight data does not

corroborate it, and later, when wTe would look for a like phenomena in the

12-13 data, it is not seen; nor with this exception can it be said that the

effect of wind appears definitely anywhere in the general trend of clear-

ing to time.

The data of these sets of observations, plotted for the investigation of the

above theory of settlement, are presented on Plates II., III. and IV. As

before stated, the test of the provisional theory is that V, or — , when plot-

ted to S, shall give one and the same curve for observations at the dif-

ferent depths, or that the same velocity of subsidence that was found for

a value of S from the surface to 2 feet depth should also be found to be

the subsidence from the surface to the 4, 6, and 8 feet depths respectively.

Instead of the data showing this to be the case, it shows very conclusively

that it is not the case. That the value Tp has a marked increase with

depth for the same value of S, giving distinctly different but well-defined

curves for each depth ; and not only leading us to the conclusion that this

provisional theory is wrong, but that settlement is altogether different

from it ; while at the same time the difference is clearly suggestive of

definite law.

Two lines of investigation are here open to us: the empiric and the

theoretical. In the first we may merely aim at the expression of the

phenomena as observed, without considering their causes. On this line,

from the data alone, we observe that there is quite a well-defined slant of

d for each series, given by the samples from 2 to 8 feet, and we might very

fairly conclude that this slant was continued to the surface. We would,

therefore, have a value of S at the surface at that time, or which had not

subsided at all. It would appear then that, instead of the points in d

starting to subside from the time that settlement commenced, they

were retarded times respectively greater and greater as the values of S

grew smaller before they commenced to settle.

If we should call t the time from the commencement of settlement that

a given point in density was retarded before it commenced to subside,

then it would follow that its velocity of subsidence would be V — ,=

instead of V = -~. With the above equation the data might have been

worked, expressing as an empericism in each case the retardation and
velocity of subsidence of the different points of S, which would have been
found to be fairly independent of depth, or defining one curve. The slant

d
of d for each series from 8 to 2 feet, with the curves for each depth of 7=,

plotted to 8, are shown on Plates II.-IV.
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If, however, the investigation were confined to this empiric line, we
would have no conception of the actual causes of this retardation or its

method of operation. So that before taking up the working of the data, a

theory of settlement on the suggestions offered will be considered; but first

a review of the principal suppositions that would tend to explain the

settlement as observed.

First. With the supposition that the more rapidly subsiding particles

come in contact with others, which they carry down with them in their

fall, it would follow that there would be a more rapid clearing at the bot-

tom than that due to independent subsidence, as observed. But when we
see that at the beginning of these cases of settlement there is not more than

about one part of sediment by weight to 3,000 parts of water, and prob-

ably less than 1 to 4,000 by volume, while towards the end the proportion

decreases to about 1 to 15,000, the prospect of particles occupying so

small a part of the space, collecting to any considerable degree by contact

during fall , appears highly improbable, and this collecting would have to

be large to in any way account for the observed phenomena.

Second. The assumption that the particles have an actual acceleration

of subsidence during their fall would explain the data. But there is no
such thins: in the fall of particles of observable size, no direct evidence of

it has been seen in experiment, and it is difficult to conceive of how a

force could act for any considerable time on a particle free to move with-

out bringing its motion to the point where the force was in equilibrium

with the resistance.

Third. Something similar to a coagulation acting, where there was a

slow grouping of the particles into larger masses, which gradually reach

sufficient size to fall, or fall with increasing size and velocity, would also

be in the direction indicated by the data. But if coagulation were so

prominent a phenomena in settlement, it is thought that the labratory ex-

periment of class separation would have been impossible. The fact is,

though, that the possible existence of coagulation acting to some extent

is a difficult tiling to either prove or disprove ; all that can be said is that

in simple settlement without chemicals, so far no direct evidence of it

could be anywhere seen, and that there are a number of suggestions

against it. It is thought that a false impression in regard to it has arisen

from watching settlement in a glass jar, or through a glass plate ; where
a phenomena similar to it appears on the glass face, on which there is a

process of surface settlement, that slides down at intervals collecting the

particles before it, but which is no more like settlement than an ava-

lanche is like a snow storm. This may be seen by looking into the interior

of the jar by the aid of a beam of light, or by watching the settlement of

a small quantity of sediment introduced into a bottle of filtered water. In

fact, in the latter case the sediment, if started in small masses, seems

rather to separate in its fall, and the velocity of fall, as far as it can be

identified, seems uniform.

Fourth. By far the most probable explanation of the data is the re-

tarding effect on subsidence of the internal motions of the water. If a

jar of water were shaken up, at the end the water would in all probability

have a motion as a whole, in the nature of a revolution in some direction.

This would die out in a short time from side friction and conflict of cur-
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t ents in the confined space, but after the bodily motion had disappeared

there would still be visible a complicated system of internal motions,

which could be watched for a long time in water, not too muddy, by the

aid of a beam of light. In the same way in the basin. During filling the

bodily motion is kept up by the flow of water from the filling point, but

disappears soon after filling stops. It is thought that this bodily motion

does not simply decrease indefinitely, but of necessity breaks up into in-

ternal motion by conflict of currents in the confined space. Otherwise

we would have to assume that each element of water moved permanently

in a closed path under balanced forces, which would appear to have one to

infinity against it. We may infer then that soon after filling stops there

is a considerable energy stored in the water in the form of complicated in-

ternal motions, formed during filling and by the breaking up of the bodily

motions, which energy has to be slowly converted into heat by the friction

between these internal currents.

In watching the basins during periods of muddy water, the break of

' these internal motions may be seen on the surface for hours after filling

has stopped ; and the fact that during settlement sediment is always

found in the surface water can hardly be explained except by their effect.

To formulate a rational theory on this supposition, the uniform velocity

of subsidence of a particle, combined with internal motion, will be math-

ematically considered. But first a general consideration of the forms of

internal motion. While temporary rectilinear forms would be possible, in-

terference could hardly fail to rapidly convert them into some of the

forms of vortex motion, which, though neither circular nor fixed in posi-

tion, yet as far as the average effect was concerned might be so regarded;

also as a horizontal vortex, or the horizontal element of an inclined

vortex, would have no theoretical effect on subsidence, only the vertical

vortices will be considered. The discussion will therefore be confined to a

range of vortex motion, considering the vortices a circular, vertical and
with fixed centres.

The range that will be considered will be : I. The free vortex, where
at any point the velocity is at right angles to the radius vector from the

u
centre, and is equal to -, or decreases with the distance from the centre.

r
II. The forced vortex, where the velocity at right angles is constant at all

distances, say = u. III. Another form of forced vortex, where the ve-

locity at right angles is ur, or increases with the distance from the centre.

In aU of these cases u is the velocity at unit distance from the centre, and
the three cover a range of motion from the free vortex, which is that of a
whirlpool, and is taken as a limit in one direction, through an intermedi-

ate case, to a motion where the water revolves about its centre as a solid

wheel, which is taken as a limit in the other direction.

The following is the mathematical deduction of the equations to paths

of a particle in these three cases.

Case I. Take P as a particle of sediment at the point

(fl r) having a velocity of subsidence V. Then Fsin 9

dt = — dr (1) the change in r in interval dt. We also

have due to Fan element of angular velocity V cos,

. ,z T i, ,, -i . „ , . ,- . , , V cos 9 dt .

9 dt — — rd'J
1 , or the change in 9 due to Fis —d 9 1(

=
; also
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from the vortex motion we have an element of angular velocity — dt - —

r d G
3 , or the change in due to vortex is — d 0., = . The total

change in 6 in intervals dt is — (d
t + d S

2 ) or d = —\-~+ ^cos&j

dt (2). The general equation to the path of P is gotten by eliminating dt

between equation (1) and (2), or,

ii dv
VrsmBd6r=-!—^-+ V cos 6 dr

r

dv
or, u + V d (r cos 6) =

r

or, u log
e
r + V r cos 6 = C I.

Case II. Where the vortex motion equals u only changes equation (2), of

the above by substituting u for — giving

u r + V r cos 6 = C II.

Case III. Where the vortex motion is u r changes (2) by substituting u r

for --, giving

i u r 2 + V r cos 6 = C III.

Cases I. and II. are more simply calculated by converting the variable*

into a radius vector and an axis of X, in which they take the forms

log r = C,— - X J.
e w

V
and r = C, X II.

u
where, assuming values of x, r is readily computed.
Case III. is seen at once to be the polar equation to a circle, with centre

V
on the axis of x and at a distance - from the vortex centre.

u
It is seen from these equations that, for a particle having a given velocity

of subsidence, there are two elements that fix its path in a given vortex:

V
First, the element — , or the ratio of the two velocities, and it is apparent

that they enter as a ratio only in determining its path; second, an element

C, which fixes the initial position of the particle in the field of the vortex.

Paths of particles in the three cases are shown on plate V. for a given

V
range of — , and for initial positions sufficient to show the general lines

of movement. In cases I. and II. only paths in a single vortex are shown,,

but in case III. groups of vortices are shown. This case was taken to show
the groups on account of its greater simplicity of construction.

We see from Plate V. that there is a field around the vortex centres

where the particles move in a series of closed curves, whose eccentricity

V
increases with the ratio -. It is apparent that whether a particle is per-

manently arrested in its subsidence by the vortex will depend on whether
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its path lies wholly within the actual dimensions of the vortex. This will

be clearer by considering the diagram where the groups of vortices of case

TTT. are presented, showing the sediment settling out, and the sediment

. V
permanently retained in the vortex for the various values of the ratio -

It is apparent in this case that the condition that a sediment of a given value

of - should be all passing through the vortex, or that complete settle-

ment of that class is taking place, is that the centre of the circle that the

particle foUows should he on or outside of the circumference of the vortex

V
circle, or that - equals radius of vortex. In the case of I. and II. the con-

u
ditions of complete settlement are not so apparent. It must be remembered,

though, that in these cases the vortices must have an interior boundary,

else the velocity would approach infinity towards the centre.

In the above discussion of the subsidence of particles through vortex

motion, it is of course not at all meant that the particles actually follow

any one of these paths ; but as it is concluded that all the vertical angular

motions of the water lie within the range of these cases, the actual paths,

as far as vertical motion is concerned, must phase within this range, and
a generalization that is true for all these cases must be true for the actual

subsidence.

We may now formulate a theory of settlement on this view of the re-

tarding effects of internal motion. A given class of sediment is fixed by
the value V, which represents the velocity at which it falls in still water,

also a given time after the basin is filled is fixed by the value u, which re-

presents the velocity of vortex motion at that time. Now, if at a given

V
time we consider a class of sediment where the value — is such that com-

u
plete settlement of it is just taking place, we see that in their fall, as an
average, the particles meet as much of the up motion of the vortices as

they do of the down, so that as an average they fall with their true velocity

of subsidence, say V1 . At the same time also there is sediment of a

smaller value of V, which is in part held in permanent suspension, and in

part settling out of the vortices. The part settling out, however, is meet-

ing as an average more of the down motion of the vortices than of the up;

so that it is settling faster than its velocity of fall in still water. Continu-

ing down the scale of sediment on decreasing values of V, we see that

there are less and less amounts of sediment settling out at this time with

the class V
1 , but meeting as an average in their fall respectively greater

and greater amounts of excess of the down motion of the vortices. We
therefore take as a theory of settlement that at this time there is a group

of sediment composed of respectively smaller and smaller amounts of the

classes from V
x
down, which group has just commenced, and continues

to settle with the velocity V1 . That prior to this time settling groups have
been formed with velocities of subsidence greater than V

1 , and following

the groups have velocities smaller than Vx ; the sum of all these groups

making up the value <5\, or the original density of sediment.

It should be noted that while the absolute value of a group and of the

classes in a group depends on 8, and the range of classes in 5, yet the per-
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centage of the classes contained in the groups is independent of S, bein^

fixed by the settling areas of the vortices ; or the lap of classes that form
the groups, which commence settling out after given times of retardation,

depends on the law of dying out of the internal motion of the water. If,

then, we suppose the classes, instead of being arranged in order from A to

X, as in the first theory, were arranged with this lap of classes, we would
still have a curve A Z1 , representing the velocity of subsidence of each

point in S
x ; but in addition to the first theory we would have the conclu-

sion that each point of S was retarded a time t before it commenced to

settle,, and the velocity of subsidence of the points would be given by the

equation V= ——

-

With this theory of settlement the study of the observations was taken

up. For the determination of the time of retardation t, corresponding to

the points in S, the method before suggested was used. The slant of S

from 8 to 2 feet depth in a series was projected up to the surface for the

value of 5 at the surface corresponding to the time of that series, and this

value of o found at the surface at the given time would of necessity be

the value that had been retarded up to that time, so that the time when
the series was taken could be immediately plotted as the retardation of

"that value of density. In this way one point in the retardation (t, S)

curve was gotten for each series and the curve sketched in. This method

is simply working the equation V = = , at the point where d = o, from

which it follows T = t.

The slants from 8 to 2 feet depth drawn full, and dotted from 2 feet to

surface, are shown on Plates II. and TV. as finally computed, and below

are the corresponding retardation (t, <5) curves. These curves immediately

show what a small part of the time a value of d is settling, compared with

the time that it has been retarded, and also the rapid increase of retarda-

tion as we approach the smaller values of 8.

With the t of any density known, the V of that density could be quickly

d
worked from the equation V = ~ . , and the curves of subsidence, or

the V, d curves, plotted direct; but before considering these special curves

there is another relation to be investigated.

The curve of subsidence, like the curve of retardation, expresses the

special phenomena of the clearing of a given kind of muddy water, for

then form depends in part on the absolute value and grade of classes in S.

But when we take the relation between the velocity of subsidence and the

retardation from point to point in d, we eliminate S and get a relation in-

dependent of the special kind of water; that is, the velocity-retardation

relation or the V t curve.

To state this on the theory of settlement under consideration, we have

in the V d relation a given point in S when starting to settle, representing

a class of sediment that has a given velocity of fall in still water, say Vt ,

which class is just meeting complete settlement, combined with a fixed

lap of sediment of smaller classes that settle with it at the velocity Vx .

We also have in the t S relation the fact that this given point in S is re-

tarded a time t before it commences to settle; so that the time t gives the
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time that a sediment whose velocity of fall in still water is Vt has to

stay in the basin before it meets complete settlement, or it is the relation

between a special kind of sediment and its retardation, independent of the

amount of this kind of sediment in the water. In other words, it depends

solely on the rate of dying out of the internal motions in the basin. This

relation, therefore, when determined should be the fundamental law of

settlement under this theory, and hence constant, in so far as the basin is

undisturbed after filling.

The calculated velocities were plotted to retardation in the three sets of

observations for a test of this relation. But from the equation by which

Vis calculated, V= ,=—-, it is seen that where the difference between T

and t is small, and t is changing rapidly to 8, small errors in <5 would

make considerable errors in t , and might thus cause very large errors in

the calculated values of V. For this reason approximate corrections were

first applied to 8 before calculating V. Then four or more of the simulta-

neous values of t and "Fwere grouped for mean values, which were taken

for points in the relation for each respective set of observations. These points

are shown plotted on Plate VI. The observations of Nov. 12-13 are

shown as .
x

, of 14-15 as .
2

, and of 16-17 as .
s

. These points are

somewhat scattered, and to some extent a difference between the sets is

suggested: but with a full appreciation of the necessary errors involved in

the method of calculating V, it is thought that this divergence is no more
than might be fairly assigned to this cause. The fairness of this assump-

tion may be seen in the curves and lines of slant of 8 shown on Plates

n.-IV.; for these were finally computed on this assumption, and they fit

the observations very well, while the points plotted on Plate VI., and
showing the divergence, were from a set of preliminary curves and lines

that had been sketched in, and which, when contrasted with the computed
set, could not be said to have any advantage in their agreement with the

data.

These points were, therefore, grouped as shown on Plate VI., and the

20.4 — 1.92 V
emperic equation t = —= t—— computed from the group centres.

With this relation known the value of t may be substituted in the gen-

eral equation of the theory, giving an equation between depth, time of

standing, and velocity of subsidence, as follows:

_d „ d

T
substituting the value of t

V= ¥—t
orT=-+t,or

d 20.4 — 1.92 V
~ F+ V— 1.5.

The curves of this equation lor depths 2, 4, 6 and 8 feet respectively, or

the depths at which observations were taken, are drawn on Plate VI., the

curve for zero depth being, of course, the t V curve.

From these curves the velocity of subsidence under this theory was
scaled for the corresponding T and d of each sample, and plotted to the

obserbed density of the sample, giving the points and V 8 curves so indi-

cated on Plates II.-IV.

A word in regard to these plates. "We have on first theory V, or — .,
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plotted to the observed values of S, and that all these points should define

one definite curve, the condition that this theory is correct. Seeing that

this is not correct, and considering the V t curve expressing the rate of

dying out of internal motion determined once for all, we have on the sec-

ond theory values of V calculated as in the first from T and d alone, and
plotted to the observed values of d. The condition of the correctness of

this theory being the same as in the first, that the points so plotted should

determine one definite curve, which they very fairly do; we must then ac-

cept this second theory as the law of settlement. As a qualification to our

acceptance we should, however, note that all the data were first used as a

means to determine the t V relation, on which relation rests the Vs as

computed from T and d. So that from this data we can only accept the

theory as more than an empiricism to the extent that we can consider the

characteristics of the muddy water in these three sets of observations as

differing from the mean characteristics. However, a set of observations

that were taken later, on much more muddy and slow settling water'

though not as yet worked up with the care of these, were investigated

enough to see that they would give about the same result.

For my own part I do not much question that the above is about the

general law of settlement for at least approximately the first 36 hours, and
for all volumes comprised in the problem of settling basins. In regard to

the effect of volume, use was made of some observations on settlement in

a 36-inch pipe, 12 feet long, set vertical, taken under the direction of

Colonel Flad. Though the method of measuring S in these involved a

large probable error which prevented them from being closely worked,

they were yet sufficient to show essentially the same phenomena; and

though possibly a somewhat less retardation of a given velocity of subsi-

sidence, it was largely an open question whether it really was less.

This is rather to be expected from the theory of settlement, for it as-

sumes that tins retardation depends on the rate at which the energy is

being converted into heat by water friction between the internal currents,

and this would be taking place through the whole mass; while the effect

of the bounding surface would not be much more than a differential ele-

ment of it, or the part of the energy lost on a surface plane. It is, there-

fore, not unreasonable to suppose that shape and size have not much effect

on this retardation. At the same time we know that on the scale of

laboratory experiments the settlement is more rapid; so that we infer that

this small effect of bounding surface only holds down to scales where the

formation of free dimensions in the forms of vortex motion is not

checked.

This theory of settlement is in accord with the laboratory experiments

in the separation of classes, for we would conclude that the groups that

settled out before the time limits taken, contained a considerable range of

sediment of slower settlement, but in each shaking up with filtered water

the density of these slower classes was greatly reduced and the settling

areas remained the same; so that, while never wholly eliminated, they be-

came after four or five settlements very insignificant in quantity, leaving

a very well-defined range in class.

It will be noted that on Plate VI. , in taking the mean of the points of

the three sets of observations in determining the V t relation, it was tacitly



CLEARING WATER BY SETTLEMENT. 491

assumed that in each of these cases the basin received no disturbance after

filling, or that the wind effect was immaterial. This point was not over-

looked when the data were worked, but it was concluded that no definite

effect could be there assigned to the difference of wind, and the assump-

tion is borne out to the extent that the computed 8s, shown at the intersec-

tions of curves and fines of slant, agree with the observed <5s.

For the wind to have no effect we would conclude that the simple wave

motion existing over the greater part of the basin was in itself no hin-

drance to settlement, and that the revolution of the basin, produced by

the tangential force of the wind on its surface, was insignificant compared

with the effect of internal motion. It is hardly thought that this ques-

tion of the wind effect is settled by the data, but it certainly shows much
less than might be expected, and was a great surprise to me.

In what has preceded, the main object has been to reach from the

study of a very carefully taken series of observations a knowledge of the

actual processes taking place in settlement; because such knowledge gives

us a solid basis for the consideration of a large field of problems that are

now speculative. And while it is not thought that the theory of settle-

ment here deduced is sufficiently established to rely solely on conclusions

from it, yet it certainly is enough to require very clear data before accept-

ing conclusions in opposition to it.

But, leaving theory out of the question, the data alone were enough for

the economic design of the settling basins; for they show as a fact in all cas e

that there is not much difference between the clearness from top to bottom

of the basin, and, for settlement beyond 24 hours, so little that the problem

in St. Louis was practically one of economic storage of volume, and that

an expensive covering to protect the basins from wind was not justified.

As the economy of settlement by filling and drawing, contrasted with
continuous flow, had been demonstrated by a former system of experi-

ments, the above furnished all the information needed.

From the discussion of the above paper, the following has been added
as perhaps throwing fight on obscure points:

With the data alone we would only get the idea that a given class of

sediment was retarded a given time, and I have been unable to imagine
any actual process by which tins could be effected; while with the theo-

retic discussion that was objected to we may very fairly see the actual

process : that not the class, but a varying percentage of the class, is re-

tarded at each time, making the explanation of the phenomena a process

of straining out of particles of different size, in given percentages, at all

times. This, of course, makes no difference in the facts, but might make
a great difference in any general conclusions from them. ,

In considering the effect of the original disturbance, especially in the
present St. Louis settling basins, there seems to be a lack of a clear con-
ception of how motion in a fluid is stopped. It is a very simple thing to

stop a car, because the parts hold together ; but where there is an in-

finitely small cohesion between the particles of a mass, stopping its mo-
tion is another thing. We may represent the dying out of the energy in

a given fluid mass by the following diagram.

With the mass having at any time the energy A, it would follow the
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curve A X in its loss of energy. If it had more energy, say B, it would
come to the condition -.4 on the curve B A, the time J T of which would
be insignificant in comparison with the time T from A to X.

Id 7"

In regard to aeration, I must say that I do not see how it is going to

help very fine particles of sand to fall. If it does, it must act on the water
in some way so as to produce a coagulant; and, from the chemistry of our
St. Louis water, I do not think this hopeful. At any rate, it is a point that

could be settled very simply by experiment, and until its advocates are

willing to take the .trouble to make such experiments, it seems to me
that they should not expect their assertions on that subject to be taken for

facts.

HENRY C. MOORE-A MEMOIR.

By E. D. Meier, Member Engineers' Clcb of St. Louis.

[Read May 15, 1889]

The early dawn of the 13th day of April brought to a brave man in our

midst the only relief he could hope for. After months of suffering, borne

with the courage and stoicism so characteristic of the man, our friend,

Henry C. Moore, laid down his burden.

Born Jan. 7, 1813, in Beaver, Pa., young Moore, at the age of eighteen,

having profited by such meagre mathematical training as Western Penn-

sylvania academies and colleges then afforded, began his engineering

career as rodman on the Beaver division of the Pennsylvania canals.

Where now three railroads contend for the trade of the narrow but pros-

perous Beaver Valley, dotted with furnaces and forges, the State was
then but beginning a single branch of its system of water ways.

Fifty-eight years brought many changes in engineering methods, and
in the character of the works to winch they were applied, and it was the

fortune of our friend not only to see but to manfully share the work of

the great development. The three-score years given as man's average-

span of life were almost covered by Moore's active work as an engineer.

In eighteen months we see him as an assistant engineer, and two years

later, hiswork there completed, he locates a canal from Lafayette to Terre

Haute, Indiana. In 1836 he becomes Principal Assistant Engineer on the

canals of his native State, and in three years more completes the 63 miles

of " Erie Extension " canal from New Castle to Conneaut Lake Reservoir.
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A turn in the wheel of politics now throws him out of employment there,

but he at once finds work in his line in Ohio, and soon after becomes resi-

dent engineer of the White Water Canal in southeast Indiana, and rises in

1842 to be its chief engineer and superintendent. But new highways of

trade more suited to American enterprise are superseding the ancient

water ways, and in 1849, in the vigor of his early prime, well equipped

with the knowledge of the soils and rocks he is to level for the track of the

greatest of modern conquerors, Moore begins building railways.

First, the strap rail, then the low T-rail, with its chairs and rough

joints ; from Howe truss bridges on piers of piles, on slowly and pain-

fully through the cast iron stage to the evolution of the heavy steel rail,,

-with Sampson fishings, stone-ballasted track, steel cantilever bridges, etc.

;

from the 40-foot passenger car with its torturing, stiff-backed seats to the

vestibuled palace trains of to-day , he has • seen all the stages of develop-

ment, and has argued and solved the many problems which confronted

the engineers of the fifties, sixties and seventies, whose work now, in the

fittest survivals, fills the text books of our American engineering schools.

He builds from Rushville to ShelbyviUe, Ind., from Hamilton, O., to

Indianapolis: next, in 1851-52-53, he locates and constructs the Indiana.

Central Railroad from Richmond to Indianapolis; thence locates from

Indianapolis to Evansville, 155 miles, and grades 55 miles more to Wash-
ington, Ind.; next, as chief engineer of the Marietta & Cincinnatti

Railroad, builds from Athens to Marietta and the branch to Belpre; in

1859 he becomes Superintendent of the Western Division of the T. H. , A.

& St. Louis, and moves to our city; in 1864 he rises to the general super-

intendency of the entire road, now the St. Louis, A. & T. H.; in 1868 he

takes charge of the Missouri Pacific Railroad, but just completed to Kan-
sas City. Here in 1869 the change of gauge from 5 feet 6 inches to 4 feet

9 inches became necessary, and Ms directors ask him to do this in one

week. His answer is the completion of the whole 309 miles in one work-

ing day, without the delay of a single mail train.

In 1871 he builds the St. Louis, Lawrence & Denver Railroad from
Pleasant Hill to Lawrence, 61 miles ; next as Chief Engineer and Super-

intendent of the Indiana & Illinois Central he builds the 152 miles from
Decatur, 111., to Indianapolis, and remains with the road till 1880. In 1881

and 1882 he builds the 140 miles of the Indianapolis, Bloomington & West-
ern from Indianapolis to Springfield, O.

We find him on our Club's record from 1881 till his death, and the year

1883 places him on the fist of our presidents.

The salient points of his character as they impressed his life-long asso-

ciates were his broad and sterling honesty, manifest alike in the accuracy

and justice of his pecuniary transactions, in the directness and clearness

of his professional work, and in his capacity for seeing the true relations of

things ; his tender sensibilities shown alike to family, friends and employes;

and his stern and uncompromising hatred of trickery and injustice.

Uncomplaining in the severest pain, gratefully appreciative of the

ministrations of his children, fully understanding his malady and bowing
to the inevitable, he died, as he had lived, a true type of American man-
hood.

In the rapidity and thoroughness of his work, born of the most thought-
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ful and painstaking preparation, in the stern and unbending justice of his

executive management, in his active interest to the last in all sound pro-

gress in our noble profession, in the cheerful and kindly sympathy which
endeared him to hi =; friends, we gratefully pronounce him a model engi-

neer.

To his family he leaves as fairest legacy the story of his long and suc-

cessful professional life and the remembrance of his manly virtues; that we
cherish them both and take honest pride in inscribing them on our records

will, we trust, be to them the truest evidence of our sympathy.
On behalf of the Engineer's Club of St. Louis.

ON THE CROTON VALLEY STORAGE.

By Samuel McElroy, Member Western Society of Engineers.

[Read 1889.]

A brief analysis of the points presented to the new Aqueduct Commis-
sion, as prepared for counsel in the recent hearings on the relative merits

for storage, of the Quaker Bridge reservoir at the foot of the river, or ad-

ditional reserve in the upper valleys, may be of interest to students in

hydrology.

The case may be thus stated:

Storage Provided.—The Department now has in actual use, under con-

struction, or adopted for construction, twelve lakes of 2,114acres water sur-

face and 1,670 million gallons draught capacity; Lakes Mahopac and Kirk,

of 1,191 acres and 1,140 millions; Croton Lake, of 400 acres and 2,000 mil-

lions; Muscoot dam, of 1,200 acres and 2,500 millions, and reservoirs E, G
and H, on the west, middle and east branches of the Croton, respectively,

of 279, 400 and 814 acres surface, and 2,727, 4,004 and 8,500 millions

capacity; total surface, 6,398 acres, capacity 22,541 millions.

The Quaker Bridge reservoir is proposed to be built, with a dam, at 200

feat above tide, ponding the Croton Valley at a point about 4£ miles below

the Croton Dam. Length at river bed, 300 feet; at parapet, 1,300, winch
is 214 feet above tide, 179 above river bed, 266 above rock face at bottom

of bed, and, probably, not less than 285 feet above solid rock, if found, at

the lowest section.

It floods, including the Muscoot Dam, at the same flow line, 3,635 acres,

and a pond length of 16 miles.

The flow line levels, above tide, are : Quaker Bridge, 200 feet, and Mus-

coot Dam ; Lake Kirk, 587 ; Mahopac, 658 ; Reservoir E, 600 feet ; G, 375 ;

H, 375 ; the 12 natural lakes being all at high levels.

The relative catchment basins are : Quaker Bridge, 361.82 square

miles ; Croton dam, 338.82 ; Muscoot, 300 ; Mahopac and Kirk, 6.19 ; E,

20.37 ; G, 20.90 ; H, 75.45 ; total, upper valley, controlled, 122.91 square

miles.

Quaker Bridge impounds below the Croton Dam and above its present

level, for 34 feet depth, about 10,380 miUions; for 60 feet depth, 17,120 in

all; between the Croton and Muscoot dams, for 34 feet depth, about 10,380

millions; total, 27,500.
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City Conditions.—The several conditions of prospective population, de-

mand, supply and reserve were taken as follows:

City Area.—Below Fourteenth street, 4.14 square miles; below Harlem
Kiver, less 1.71 parks, 17.7 square miles; city extension, less 5.78 parks,

13.37; total available, 31.07.

Croton Basin.

fIn use, Black.
Reservoirs^ Adopted, Hatched.

{Proposed, Outlined.

Future Capacity.—Below Fourteenth street the city had in 1840, 301,-

058; 1850, 445,085; 1860, 499,000; 1870, 541,726; 1880, 405,007, the subur-

ban growth having reduced the district since 1870. It held in 1860 about

108,700 per square mile; more than twice London ratio. In laying
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out the future extension of Brooklyn the averages per square mile were

137| blocks, 7,700 lots, to contain, at 14 per lot, 107,800 population.

At the ratio of 1S60, New York will have, below Harlem River, 2,000,-

000, and above it 1,500,000.

Relative Time.—The population of the city proper was, in 1860, 813,009;

1870, 942,392; 1875, 1,041,886; 1880, 1,206,289; increase, '50 to '60, 58.5 per

cent.; '60 to '70, 15.8; '70 to '80, 19.1; '75 to '80, 13.65 per cent; assuming 25

percent, from 1880, with a basis, including floating population, of 1,400,-

000, the amount will be, in 1890, 1,750,000; 1900, 2,200,000; 1910, 2,750,000;

1916, 3,200,000; 1920, 3.500,000.

Relative Demand.—The excessive and needless consumption and waste

of certain large cities, as compared with those of Europe, and the restric-

tions of the future on available supply, must require an effective water

police, and a much lower consumption than, New York 80 gallons, per

capita; Boston, 87; Chicago, 114, or Washington, 176; the average of Euro-

pean cities being less than 30, and of Brooklyn 54. But, assuming 100 gal-

lons per capita, with 20 millions per day from the Bronx, the daily demand
on the Crotan will be about, 1890, 1,550,000; 1900, 2,000,000; 1910, 2,550,-

000; 1916, 3,000,000 gallons.

Reservoir Head.—The distributing reservoir flow line of 115 feet above

tide is now totally inadequate to the fire protection and domestic use of

the city. Much relief will be felt in sections of the lower city, with a

present available head of less than 20 feet, by the increased supply of the

new aqueduct, but it cannot properly relieve what is now the enormous

cost of elevating water to the upper stories of stores, office buildings*,and
residences, much of which is now done, not only by

r
steam, but by very

wasteful rams. Large waste will be relieved, but not the large pumping
outlay, which, in some cases of single buildings, is $2,000 per year, and

for dwellings, 8100. The city could afford to spend §12,000,000 or §15,-

000,000 to relieve this burden.

High Service.—For the relief of two small districts, the city erected, in

1869, a pumping station at High Bridge, which lifts nearly 6,000,000 gal-

lons per day about 100 feet, and in 1880, a second station at Ninety-sixth

street, which lifts about 8,500,000 gallons about 60 feet at an annual cost

of about §32,000.

It will cost to pump from the new aqueduct about 86,000,000 per day

to a.head of 250 feet, for engine house, etc., about §800,000; reservoir,

§500,000; lands aud contingencies, §300,000; plant, §1,600,000, and at 5

per cent. , on an annual cost for pumping of §390,250, the representative

capital is §7,805,000, or a total of §9,405,000.

The entire cost of the original aqueduct and city reservoirs, exclusive of

distribution, was §7,983,504; it will be much better and cheaper, then, to

build a high service aqueduct, with about 50 feet fall, and as nearly all the

storage reservoirs of the vaUey are much above the requisite level, this is

readily supplied. The construction of the new aqueduct, at a cost exceed-

ing §20,000,000, with no gain in head, was a mistake, as would be that of

any additional storage reservoirs below 300 feet above tide.

City Storage.—The high service reservoir at High Bridge has 216 feet

flow line and 11 milhons capacity; the proposed Bronx supply reser-

voir at Williams' Bridge has 180 feet level and 100 millions. The low
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service 115 feet reservoirs are Murray Hill, 21 millions; Manhattan, 150

millions; New, 1,029; total city reserve, 1,311 millions.

Croton Capacity.—In his report of February, 1882, page 6, Chief Engi-

neer Newton estimates the annual value of the Croton at 265 to 270 millions

per day, if the Quaker Bridge dam is built to increase the drainage basin 23

square miles. With that opinion, why an enormous expenditure was ad-

vised and incurred for an aqueduct of 14 feet diameter and 324 millions

capacity, on a line nearly parallel with the old aqueduct, with its capacity

of 100 millions easily and cheaply doubled, it is difficult to understand.

The mean river supply reported by him is for 11 years, 1871-1881, about

357 millions per day, one year, 1880, being only 246; another, 1881, 295;

another, 1872, 305.

But the late system of measurements at the Croton dam, made but once

a day, and at a station about 75 feet above the dam, justifies his criticism

on then value, expressed p. 44. Certainly no hydraulic engineer could

accept such records as conclusive on either minimum or maximum flow,

and with a mean rainfall of 46 inches on 338.82 square miles, the river

should be worth about 445 millions per day.

But in a valley admirably adapted to agriculture, manufacture, and
suburban population, with large centres now located, and already trav-

ersed by important railways, which has an inalienable right to its own
water supply, water power use, and sewerage, a limit must be imposed on
the draught for the Croton aqueduct, which will grow less, generation by
generation. The standard of 300 millions per day has therefore been as-

sumed in this discussion, as the limit to this draught up to 1916.

With these premises we can examine the question of storage provision

at issue.

DEPARTMENT STORAGE ESTIMATE.

The chief argument in favor of the Quaker Bridge dam is based on the

claim that in this way only can the cheapest and most adequate storage

reserve be impounded; and to supply New York with 300 millions per day,

the dry-weather flow is so small that a reserve of 69,905 millions is

necessary, of which the city has a present storage of 9,000, leaving 60,905

additional to supply, of which this dam will impound for use 32,000.

This argument is based on the following table of the drought of 1880-81,

which is offered as the correct standard of construction, and was furnished

me for examination.

This tabulated storage estimate confronts us with a radical difficulty at

the outset. If May to February 11, inclusive, are to be held as dry

months, requiring storage draught, the city must be supplied, and the reser-

voirs filled in February, March and April, which, according to the report-

ed flow and storage of 1880, amounted to 55,258 millions. If, then, during

these ninety days the city must have 27,000 millions, there are left only

28,528 for reserve, a conclusion fatal to a storage of 69,000 and a supply

of 300 millions per day on that theory, or to any adequate impound in the

lower reservoir, if the upper reservoirs are properly used, with the total

22,541 capacity they actually hold.

For January, 1881, and especially for February, the table itself requires

some corrections, which have been made in proper columns.

To determine how far this extraordinary table of 1880 can be used for

probable dry month deficiency, up to 200,000,000 and 300,000,000 supply,
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NO. 1,—FLOW OF CROTON RIVER, DROUGHT OF 1880-81.

CO

a
o

a

p.
P
CO

08
u

CD

bo
a
Fh
O
w

i
o
£
C-l

o
>

£
CB

Storage Re-
quired.

Corrected.

CO .

<D

3
t»to

P.QJ

S3
CO

p

O
•<

Storage Draught
Required.

a a a
o = oo o o
^H CM CO

Month.
u
o

c3

u
o
p.

a*
cS

2*
CO

1880.

May 5200
3036
3102
3059
2956
3043
3184
30S0

3993

1098

915
1145
1990
1705
2320
60
335

470

225

5200
2121
1957
1069
1211
723

3124
2745

352«

873

1000
3879
4242
5130
4788
5476
2875
3454

2676

1326

4100
6879
7342
8200
7788
8576
5875
6554

5776

2426

5200
2121
1957
1069
1211
723

3124
2745

3993
mo.
18,126

Stora

3107
2986
3028
3059
2961
3043
3004
3028

3039

2796

"865
1071
1990
1750
2320

8016

1000
3879
4243
5131
4789
5477
2876
3455

2207

33,057

,22,541

4100
6879

July 7342
8231
7788
8576

1881.

5875
6554

5307

34,850
3485

63,550
6355

60,652

ge provided.
38,335
9000

69,905
9000

29,335
'

60,905
j

10,516 38,116

the river experience, as it is reported by the department, has been col-

lated in the following tables, based also on rain supply, as given by the

West Branch gauge.

Frorn the rainfall kept at Boyd's Corners, a point abou t 24 miles above
the Croton dam and 550 feet above tide, it appears that the average fall

for twelve years was 45.98 inches. For this period, December shows the

lowest aggregate and August the highest. From observations at the Croton

darn, the lowest supply reaching it was 45 per cent, in 1871, and the

greatest 74 per cent, in 1868, the average being 57.68 per cent, for eleven

years, or 26.51 inches flow of 45.98. Apparently the extreme monthly
range during this long internal is from December, 33.29 inches, to Au-
gust, 64.38, or not 100 per cent., and the surplus falls just previous to the

two months when in usual experience it is most needed.
NO. 2.—RAINFALL—CROTON BASIN, 1866-77—TWELVE YEARS.

Month.

January .

.

February..
March
April
May
June
July
August. ..

September
October. .

.

November.
December

Monthly Rain.

Mean. Aggre-
gate.

Min. Max.

Inches. Inches
3.45 41.34 1.42 6 96
3 18 38.10 0.80 6.40
3.94 47.14 1.49 7.66
3.75 44 91 2.11 6 31
3.85 46.05 0.85 8.79
3.70 44.41 0.71 5.73
3.82 45.85 2.13 5.25
5.37 64 38 1.20 10.33
3.76 45.24 1.44 9.33
4.43 53.16 1.50 9.46
3.92 47.91 2.43 8.16
2.81 33.29 1.49 5.96

45.98

Annual Rain.

Inches.
1866 51.77
1867 50.77
1868 50.33
186* 48.36
1870 44.63
1871 48.93
1872 40.74
1873 43.86
1874 42.37
1875 43.21
1876 40.68
1877 46.03

45 98
average.

Per cent.
flow

at Croton
Dam.

51
65
74
58
47.5
45
49
67
63
59
56

57.68
average.
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Greatest fall, February, 6.40 inches.
" " October, 6.18

" August, 10.33
" March, 6.33
" October, 8.38

Notes at dam taken by keeper; gauge about 75 feet above dam.

NO. 3.—MONTHLY SUPPLY AND FLOW OP CROTON RIVER—338.82 SQUARE MILES.

1S70—Least fall, December, 1.49 inches.
1871— " " September, 1.44

1875— " " May, 1.08
1876— " " August, 1.20

1877— " " February, 0.80

Twelve years mean. 1878 1879.

Month.

P3

GO

m
go d

"c3

K

ft
ft

m

?o a
ft

OS

3.45
3.18
3.94
3.75
3.85

18.17
3.70
2.55
1.27
5.37
3.76
1.48
2.95
3.92
2.81

20,314
18,724
23,200
22,080
22,668

106,986
21,700
15,000
7,500

31,620
22,140
8,710

17,390
23,100
16,594

4.49
3.65
3.10
2.85
4.97

19.06
4.65

26,438
21,491
18,253
16,781
29,264

112,227
27,380

14,638
20,388
22,340
9,962
9,111

76,439
8,131

2.52
2.85
4.96
5.10
2.45

17.88
5.29

14,838
16,781
29,205
30,030
14,426

105,280

3l,148

8,411

Feb 13,517

Mar 24,045
28,891

5 months.. .

.

11,428

86,292
4,864

Julv 31 4.28
2.66
6.61

25,201
15,662
38,920

3,800
3,801

10,358

4,730
10,390
38,922

156,567

5.95
5.83
3.43

6.95
2.49
4.26

35,035
34,328
20,196

5,594

14,662
25,084

3,805
6,381

Sept
Oct 15

3,060

Oct 31 3.78
4.36
8.74

22,256
25,672
51,463

3,875
4,639

Dec 11,553

45.98 270,740
57.68 p c

156.097 54.14 318,706 46.08 271.327 124,409
45.85 p c

1880. 1881.

Month.

1

ft
ft

m
II
P3

16,087
16,938
17,764
12,038
5,200

CJ

bJO

e3
u
o
m

a
Va

ft

5*

m Ph

cS
u
o
IS
m

4.00
2.92
4.51
3.99
1.17

23,496
17,152
26,491
23,437
6,872

Reserve.
4.19
5.28
6.14
1.67
3.74

1

24,671 3,993

31,090 18,126
36,154 35,282
9,833 10,370

22,022

470
225

8518

'

16.59 97,448 68,027
76,515

Storage
included

3,036

21.02 123,770 73,497
81,407

Storage
included

8,989

7910

1.28
3.76
1.89
3.60
2.69
1.08
2.17
2.97
2.49

7,519
22,125

Draught.
915 5.27 31,031

Draught.
July 31 11,063

21,146
15,804
6,363

12,727
17,445
14,626

3,103 1143
1990
1755

2.45
1.71
0.75

14,426
10,069
4,416

3,257
3,098
2,998

520

3,059
2,961

2260
2700
2430

October 31 3,043
3,184
3 080

2320 13 fiS 21,492
26,497
37,508

269 209

3,098
3,044
9137

107,118
37.79 p. c.

60 4.50
335' 6 37

45.72Year 38 52 226,266 89,493
39.55 p. c.

8518 8605

Table No. 3, so far as the river flow is reported, depends on the cor-

rectness of the measurements given at the Croton dam. How far they

are consistent with each other will appear on examination of both cold

and hot months.
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If the storage reservoirs were filled in 1878 and 1879 as in 1880 and 1881,

the measurements at the dam for the first five months show, for 19.06

inches, 76,439 millions in 1878, and for 21.02 inches in 1881, 73,497; so

that 112 billions net 76 in one case, and 123 net 73 in the other.

If we take the four dry months the result is as follows :

Rain supply. July. August. September. October. Total
1878 25.201 15,662 38,920 22,256 102,039
1879 35,035 34,328 20,196 5,594 95,153
1880 33,188 21,186 15,804 19,n!i:i 89,228
1881 14,426 10,069 4,416 21,492 50,403

River Flow.
1878 3,800 3,801 10,358 4,730 22,689
1879 3,805 6,381 3,060 3,875 17,121
1880 1,960 1,069 1,206 723 4,958
1881 2,737 838 298 668 4.541

Twenty-five billions, July, 1878, net, 3.8; 35 in 1879, 3.8; 33 in '80, 1.96;

and 14.4 in '81, 2.7.

Twentytwo billions in October, '78, net, 4.73, and 21.49 in '81, only 668

millions.

In July, '79, 33 billions, net, 3.8, and in October, the close of the hot

wTeather effects, 5.59 billions, net, 3.8!

Comparing these results with those in Table No. 2, while the mean flow,

measured, averages for 12 years 57.68 per cent., in no case is it less than

45, while the result in '81 is only 37.79; in '80, 39.55, and in '79, 45.85 per

cent.

It is evident, therefore, on inspection, that the dry weather records of

1880 need modification. It is also singular that, whereas in usual city ex-

perience, New York not excepted, the time of greatest demand is at the

season of extreme cold, to protect house pipes by night waste, and exer-

cises a marked effect on all city reservoirs, nothing of this appears in the

reported monthly consumption.

It becomes necessary, therefore, to construct a table correcting the con-

clusions of the department for 1880, and indicating more consistently with

usual storage experience, what must be provided for in so low a year of

rainfall.

As to extreme low run of the Croton the following measurements are

quoted:

" Tbe quantities running in tbe different streams enumerated, at tbe lowest season

of tbe present year, were ascertained by gauging with great care, on tbe 4th,

5th, and 6th day of September. There had not, at that time, been an entire rainy

day in the vieinity since the 3d of July. * * The results were as follows :

Gallons per day.
Muscoot 3,628,800
Cross 9,142,400
Beaver Dam and Broad Brook 4,963,480
Cisco , 2,073,000
West Branch 5,287,680
Middle " 1,452,000
East " 6,155,100

Total 32,503,760

" The testimony of the inhabitants as to the state of the streams at the time of

gauging, compared with that of other seasons, was that the waters were ' very low,

seldom lower,' and according to the statement of some, ' never.' The great drought
of 1816 was the only one which was generally excepted in the comparison, and from
the marks and indications shown me of the state of the water at that time, I was led

to infer that they might have been fifteen, possibly twenty, per cent, lower than a
the time of my examination."
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The engineer therefore reduces the quantities to an aggregate of 26,002,-

X)0S gallons.

—

Report of Major D. B. Douglass, November 1, 1833.

" The uncommon drought which prevailed in many parts of the United States

during the last summer will be remembered for many years hereafter. That portion

of Putnam and Westchester counties through which the Croton River passes has

felt the effects of the dry season full equal, if not exceeding, any other part of the

State; and the river was, consequently, remarkably low. In order to test the

flow of the stream under these unfavorable circumstances, and to compare it

with an unusually dry time in 1835 (? 33), Horatio Allen, Principal Assistant En-
gineer, made a gauge August 18th last, at two different stations. At the first there

was found running 26,386,560 gallons: at the second 28.378,000 every twenty-four
hours, averaging 27,581,780."—Report Water Comrs., Dec. 31, 1838.

With these and other results in view, Table No. 4 is prepared to indicate

the extreme allowance for hot weather losses, involved in so ample a rain

supply as that of 1880 during this season ; a season totally different from
that of 1833.

In the measurements and examinations made by me of the Muscoot

River for the Mahopac appropriation of 1878, it appeared that extreme

low water occurred at Empireville of 10 cubic feet per second for about

20 days, and 25 cubic feet for about 57 days, equivalent to 198,383 gallons

per day per square mile in one case, and 495,957 in the other ; or for the

Croton dam 67,216,000 gallons per day in one case and 168,000,000 in the

other, or 2,016 to 5,040 millions per month.

XO. 4.—AXALYSIS OF RAIX AXD RIVER FLOW, 1880— CROTOX DAM.

MOXTH.

January..
February

.

March
April
May

Five months.

4.00
2.92
4.51
3.99
1.17

16.59

June 1.28
July 15 3.76
„ 31

August
September. ..

October 15...

31...
November. .

.

December...

Year.

10.38
7.58
11.70
10 36
3.04

43.06

3.32
9.78

1.89 4.89
3.60 9.34
2.69 7.00
1.08 2.82
2.17 5.62
2.97 7.71
2.49 6.46

38.52 100.00

«3
sa

r
o o
33
<

23,496
17,152
26,491
23,437
6,872

S3

5.19
4.75

13.05
8.26
2.58

97,448

7,519
22,125
11,063
21,146
15,804
6,363

12,727
17.445
14,626

226,266

33.83

1

3.75
1.25
0.75
0.42
0.23
0.57
3.86
3.68

50.00

o-3

£ « *?H
p. 8pa o3
°,o 33
fe <l

50 11,700
63 10,740
112 29,600
80 18, ''OO

85 5,805

78 76,545

50 3,760
38 8,466
25 2,822
8 1,690
6 948
8 509
10 1,272
50 8,728
54 8,298

50 663,133

ti

16,087
16,938
17,764
12,038
5,200

027 ; 8,518
545 Draft
128; 915

959 1,143

069, 1,990
212 1,755

89,498

60
335

8,518

Deficit.

oi3

395

2,240

378
1,510

5,052
2,491
1,928

13,991

3,495

5,240

1,978
7,610
8,052
3,991

3,528
272

11,002

35,168

Storage provided , 22.541
Additional 12,627

Sublivision of rain, July an! Octobar, in the3e tables, es.imated.

In the above table the river flow of August is taken at 54,516,000 gal-

long per day ; of September, 31,600,000, and half October, 33,933,000 ;

mean for 76 days, 41,408,000 gallons.
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Under the common ratio of 25 per cent, reserve, the annual supply of

109,500 millions would require 27,375. This table gives 35,168 ; but it

does so by extreme allowances for use, evaporation and absorption. The
16.59 inches of the first five months give a river flo;v of 78 per cent., or

76,545 millions, or 33.83 per cent, of the year, where 15.19 inches, July

to October give 15,707, or 6.97 per cent, of the year, the flow for Septem-

ber dropping to 6 per cent, of the monthly rain. If 1880 had recorded no
continuous rain from July to September, as in 1883, the analysis would
show a far different percentage.

To show the probable action of the river for an average year of about 46

inches rain and 60 per cent, flow, Table No. 5 has been made.

no. 5. ANALYSIS OF RAIN AND RIVER FLOW—CROTON DAM, 338.82 SQUARE MILES—
12 YEARS MEAN—1866-1877.

'3

u
a>
co

A
o
aM

Amount. Temperature. River flow. Deficit.

Month. a
a

1

s
co

a.

CO

® .

m
u
c3

id
ce
o
3
>n
CO
oo

o
3

43
« A

O
S3

S
co

c3

u *
o >>

m

oo
CM

w
o

3
oo
CO

February,...
3.45
3.18
3.94
3.75
3.85

20,314
18'274

23,200
22,080
22,668

7.50
6.92
8.57
8.16
8.37

23.4
24.9
29.1
39.8
51.2

36.8
39.3
43.5
56.2
68.

29.8
31.1
36.4
47.1
58.9

10,154
13,540
28,500
19,870
16,644

88,708
18,190
9,000
1,750
4,743
2,214
871

6,956
16,170
13,752

50
72

1.23
90
80

83
70
60
25
15
10
10
40
70
83

3.75
5.00
10.53
7.33
6.14

32.75
6.72
3.33
0.65
1.75
0.8L
0.32
2.58
5.93
5.16

May......

18.17
3.70
2.55
1.27
5.37
3.76
1.48
2.95
3.92
2.81

106,986
21,700
15,000
7,500

31,620
22,140
8,710

17,390
23,100
16,594

39.52
8.01
5.54
2.77
11.68
8.18
3.22
6.43
8.54
6.11

60.7 77.7 68.6
July 15
July 31

Septeaiber..

65.7
64.3
59.8

8i.6
80.

75.6

73.5
72 1

65.5

1,450

1,457
3,786
2,129

3,050
4,557
6,786
3,629

October 31 48.8
37.2
28.

64.3
51.

41.2

55.5
42.8
33.3

45.98 270,740 100.00 162,414 60 60.00 8,822 18,022

Storage Required.—The department table for a daily supply of

300,000,000 makes the storage 60.657, as corrected. For 1880, a proper

analysis reduces this to 35,168, assuming in that case a flow in the dry sea-

son less than the measurements of extreme seasons. For a mean of twelve

years this is again reduced to 18,022.

The expert conclusion was that it was wise to add reservoirs A and D
to the present system, which would aggregate 36,782 millions capa city, at

a cost for both based on Mr. Church's estimate of November, 1 888, of

about §2,484,000. This would insure an ample supply for extreme years,

as a question of reserve, and other special advantages contingent on upper
valley storage, herewith presented.

Available Storage.—By request of counsel, an examination was made of
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the several valleys, as occupied or proposed, with the result shown in the

following table, No. 6.

No. 6.—Croton "Valley Reserve.

Capacity mill. Basin area, sq. m.

Stream. 'o
>
p-l

0)
03
o

aw
'u

03

"3

>
<

03

p
ft
U
Pm

*P
o
u
"p

C

6
3

l>

<

to

P
"ft
u

02

a

<

03

Muscoot River -i

Lakes Ma-
hopac

and Kirk.
A
E
D
G
K L
H 1
JM
N

lll40

5211
2727
9033
4004
8000
8500
2314
4392
1676

1140

3926
2727
7640
4004
8000
8500
2314
4392
1676
2182

46,494
1500 to

2000
2500

50,492
1670

1285

1393

3769
7872

1389
5991
2106

23,805

4.60 6.19

15.85'20.45
11 1020.37

15 22
31.79
2.57
5.61
24 20
8.51

1191

485
279
1008
400
513
834
191
492
197
240

587

390
600

W. and middle branch.

30.85'41.95
16.29 20.90
32 30; 47 52
34.32 66.11
9.3411.91
17.73 23.34
6.76 30.96
8 81 17 39!

500
375
275
375
500
316
250
305

187 95

6.05

10.09

204.09

87 90 5830

400

1200

7430
2114

9544

\\

Lakes included

Provided for 22,541 Maho
da

pac, E., G., H.; C. Lake. Mus.
m, lakes, etc.

This table is based on an estimated flow of 78.4 per cent of rainfall of

18.17 inches, January to May, mean of 12 years, 1866 to 1877, at Boyds
Corners; the flow in 1880 being 78.15 per cent., equivalent to 4,038 square

miles per bilhon gallons.

Under this basis for five months 204 square miles would be in use to fill

these reservoirs of 50,494 millions capacity, leaving 134 square miles of the

main stream (Croton dam), to supply it with 28,325 millions, or about

187.84 millions per day for these 152 days, using 14£ inches of 18.17, and
leaving a mean of 27.81 inches rain for the remaining seven months' stream

run, in 45.98 total.

In other words, until the city uses 187 millions per day from the Croton,

or until nearly 1900, this reserve can be thus supplied. In fact, the sur-

plus flow of November and December makes a large reserve supply, not

here included. The reported flow of 1880 for these five months is 76,150

millions in all, showing a spare storage supply of 45,750 millions at 200

use per day during these 152 days, for a year, which reports about 89,498

millions, against ' 07,802 in 1881.

High Service.—Of these reservoirs, J, H, K, G,D, E andA are 375 to 600

feet above tide. If an aqueduct is built, as it should be, for high service,

a faU of about 50 feet will control over 300 feet head for special city dis-

tribution. For 250 feet head O and M will also answer.
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Jurisdiction.—Actual possession of fountain sources is an exceedingly
important matter in the future of all city supplies. The construction
of these additional reservoirs of 28,454 millions capacity (with a valley
capacity of 23,805 in addition), will give tbe city in all about 16 or 17

square miles area of actual ownership, and constructive control of much
larger basin territory, a far more important consideration; and in view of

the conflict, which is inevitable in the future, between actual property own-
ers and a distant city, and the undoubted constitutional right of these own-
ers to the full enjoyment of the rainfall, stream flow, domestic, factory,

sewerage, agricultural, and other rights in these valleys, there can be no
question as to the urgent need of actual ownership of all these reservoir

sites, and their gradual construction for city use, since the supply thus
gathered in the cold season has special advantages for control and use.

UPPEE STORAGE ADVANTAGES.

These upper valley reservoirs catch the rainfall in the cold months,
when it is in its best condition, from a primitive district of steep slopes,

cleaner surface, quick descent, or from improved property, chiefly before

farms are.manured or surfaces likely to wash, and this they gradually
purify as it accumulates. They secure a greater percentage of fall and of

flow (Boyd's Corners reservoir [E], 14 years, 62.19 per cent., as against

Croton dam, 57.68 per cent.), with more condensation, more forest and
vegetation soil cover, less evaporation,'absorption, tree and plant use, farm
and valley wash, flood exposure, ice flow and risk to dams, less growth of

basin population, manufacture, factory pollution, sewerage, road and rail-

road construction, property valuation and other contingencies of contami-

nation and cost.

COMPAEISON OF PLANS.

Assuming the limit of city supply from the Croton at 300 millions per

day (taken by Chief Engineer Newton at 250), the city, at a recently esti-

mated cost of about $2,484,000 for A and D, and $300,000 for the Muscoot
Dam, can secure a total of 36,788 millions storage, which is more than is

needed for such a supply in dry seasons.

As to quantity, quality and relative capacity, it is not necessary on
these points to.change the system of upper valley storage long pursued by
the department.

Of the Quaker Bridge storage less than 14,250 millions will be needed.

The cost of this dam cannot be closely determined until the detail plans

are definitely made. At the hearing it was distinctly admitted by the

Board that such plans had not been prepared. A proximate estimate made
by Mr. Church makes the amount $6,700,000, but does not include various

items of construction and cost, while the prices for assumed items are too

low. The Board of Experts, in their report of Oct. 1, 1888, estimate the

base excavation and masonry of dam alone at $4,172,380, without lands,

damages to structures and property, road and railroad changes, bridges?

fences, subdams, soiling, and other large and unavoidable expenses. For

the river-bed earth excavation they take 277,188 yards at $277,188, and

63,703 rock at $127,406. This must be made in a deep trench (87 to 106

feet) of porous material, exposed to the tide on one side and river and flood

saturation on the other, requiring powerful pumping for about three years,
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and working plant in pumps, dams, flumes, etc., of very costly character,

for which $1,500,000 is a moderate estimate. The estimate for masonry,

of $6, $6.60, §7 and §8, is also too low for the quality actually required for

its enormous strains and the excessive height of the structure.

It is obvious, therefore, without close discussion, that the additional

14.250,000,000 required will cost less than one-third that of this dam in

the upper valleys, and avoid the contingencies of great leakage through

a metamorphous and treacherous base, and other probable contingencies

of loss and damage.
As to time, the separate upper reservoirs can all be built in less than

one-third that of the single, massive dam.

To fill the 14,250,000,000 required an area of 57.54 square miles would
suffice; and for the whole, 27,500 millions, 111 square miles. As more than

this area is directly available in the upper valleys, there is do special advan-

tage in the 23 square miles below the Croton dam, compared with the char-

acter of the supply from the upper basins.

Sanitary Effects.—For storage supply from the first five months' flow

of the year it is obvious that much less organic matter will be carried

into the upper reservoirs draining then- limited areas, than the same flow

taken from the wash of the entire basin; and while the upper reservoirs

will be better protected from flood wash in the hot months, no protection

exists for a receptacle at the bottom of the whole valley.

As putrefactive fermentation, which is the common source of reservoir

impurity, depends on the relative quantity and character of dead or dis-

eased organic matter contained ; there can be no question that a much
larger and objectionable and more frequent supply must enter the lower

receptacle than the limited and better protected upper reservoirs of dif-

ferent location and exposure. As a matter of organic quantity and
quality the law of flow decides against the lower catchment.

"With surplus reserve in detached reservoirs, proper care can always

draw the depurated water for use from its distinct layers, or the best

reserve for the time being; and the down stream flow, by subsidence,

aeration, and soil action, will be a powerful corrective. With the Quaker
Bridge reservoir in a state of noxious fermentation, similar remedies are

impossible.

Much stress has been placed on the great depth and size of this reser-

voir, as opposed to this putrefactive action ; but our deepest great central

lakes show the same action at times, and the Gulf of Mexico itself.

Nature's law of depuration must act wherever the process is needed, and
neither depth, nor size, nor cold temperature can prevent it, if collections

of dead or diseased organic matter, in bulk or in solution, are to be trans-

formed into harmless constituents. The only wisdom is to avoid its re-

ception as much as possible; certainly not to devise enormously expensive

and unreasonable structures for its special accommodation. Every water
supply in the country bears full testimony to the force of this proposition;

the cesspool of the entire Croton valley cannot possibly be filled pure or

kept pure, and it must be depurated by this process at the risk of the

health and comfort of its city consumers.

Malaria.—Uncovering in the hot season large pond surfaces contain-

ing deposits of organic matter is a fruitful source of disease. The valley



506 ASSOCIATION OF ENGINEERING SOCIETIES.

area exposed here in drawing out 34 feet depth of water will be about 2,000

acres. This in itself is a formidable objection to the lower reservoir, since

it must occur every year on areas specially liable to organic deposit.

Conclusion.—Since the hearings, at which Win. E. Worthen, Chas.

H. Haswell and Peter Hogan, civil engineers, Henry S. Welles and other

experts emphatically indorsed the upper valley system, the board have
resolved to proceed with the construction of Reservoir A, and ordered

surveys of D, K and M for detail constructions plans, and indefinitely

postponed the consideration of Quaker Bridge storage, as I am informed.

WILLIAM S. BARBOUR.—A MEMOIR.

By George A. Kimball, Albert F. Notes and George E. Evans, Commit-
tee op the Boston Society of Civil Engineers.

[Read September, 18, 1889]

William S. Barbour, City Engineer of Cambridge, and a member of this

society, died at Ms home in Cambridge, Feb. 24, 1889. Mr. Barbour was
born in Boston, Dec. 1, 1835. While he was an infant his parents removed
to Cambridge, in which city he always resided. He attended the public

schools and graduated from the High School with honor. In 1852, he en-

tered Harvard College, Lawrence Scientific Department, where he

studied his profession. In January, 1854, he entered the office of

William A. Mason, Civil Engineer of Cambridge, and in 1855 was
admitted as a partner. While with Mr. Mason he was engaged on

the Cambridge, Metropolitan, Middlesex and Watertown street rail-

ways, also on street railway work in Worcester, Portland, Me.,

and Norwich, Conn. In 1857 the partnership was dissolved, and Mr. Bar-

bour opened an office in Cambridgeport, and at a later date one in Boston.

Both of these offices were retained until April, 1876, when he accepted

the office of City Engineer of Cambridge During the last part of his

private practice he was the senior member of the firm of Barbour &
Hodges, and among the many works with which he was connected are

the following: Coast survey at Fort Independence; Clarksburg and Stam-

ford reservoir; wharf improvements in Charlestown; Marginal Freight

Railway, Boston; Cambridge Water Works; Arlington and Winchester

Gas Works; Caledonian Mine, Cape Breton; Holy Cross Cemetery, Maiden;

West Dedham & West Roxbury Railroad ; North Reading Railroad;

Charles River Railroad; North Andover & Wakefield Railroad, and a

system of railways for the transportation of lime rock at Rockland, Me.;

and during the last five years of his private practice he had an extensive

and successful experience in street railway work in Boston and vicinity,

Portland, Me. ; Norwich, Conn. ; Haverhill, New Bedford, Fair Haven,

Lynn and Worcester. To the subject of street railways he gave much
time and study. This, together with his natural ability, placed Mr. Bar-

bour at the head in this branch of his profession.

In 1876 he was elected City Engineer of Cambridge, which office he held

until his death. Soon after his election he commenced an investigation of

the '

' sources of pollution of the water supply and the means of preventing

the same," and submitted a report September 28th, 1877. Mr. Barbour
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was one of a special committe appointed by the city council to report on
the Cambridge water supply. The investigation embraced the following-

subjects: "Present Water Supply, both as to Quantity and Quality,"

"Sources of Pollution, Present and Future," "Remedies." The result of

the work was presented to the city council in December, 1879, and the re-

port is a complete and faithful presentation of the subject.

In 1880 the subject of an additional supply of water for the city was ag-

itated, and Mr. Barbour made the necessary surveys and examinations,

which resulted in a recommendation from Mm for taking water from
Shawshine River; but the Legislature refused to grant the right, and the

water was finally taken from Stony Brook. A part of this work was de-

scribed by Mr. Barbour in a paper entitled "The Dam of the Cambridge
Water Works on Stony Brook," read before this society June 20, 1888. To
this work of constructing the works necessary for an additional supply
Mr. Barbour gave much time and thought, and it is the opinion of many
that his untiring devotion, constant anxiety and overwork, in connection
with this undertaking, hastened the disease which caused his death.

While he was city engineer the sewerage system was extended and many
street and bridge improvements were prosecuted under his direction.

Mr. Barbour was thoroughly devoted to his profession. An apt and
careful student, he gave much time to his books, and was the owner of

a fine engineering library. He was remarkably reserved in manner, con-

scientious, honest and fair in all his dealings; always courteous and
obliging, with the kindest feelings toward all—to his subordinates, as well

as those above him in authority.

In 1862 he married Julia H. Battis, of Roxbury, who survives hirn. He
also leaves two sons—the elder a civil engineer and the younger attends
the public schools in Cambridge.

Mr. Barbour was a member of Charles River Baptist Church, and at the
time of his death was serving on a committee for the building of a new
church. He was a member of the American Society of Civil Engineers
and of the New England Water Works Association.
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BOSTON SOCIETY OF CIVIL ENGINEERS.

September 18, 1889.—A regular meeting was held at the Massachusetts Insti-

tute of Technology, New Building, at 19:85 o'clock, President Fitz Gerald in the

chair, thirty-eight members and twenty two visitors present.

The record of the last meeting was read and approved.

Mr. Georgle L. R. Freuch was elected a member of the Society.

The following were proposed for membership: Francis W. Dean, Cambridge,

Mass., recommended by E. D. Leavitt and C. W. Kettell; B. R. Felton, Somer-
ville, Mass., recommended by M. M. Tidd and F. C. Coffin; and George I. Leland,

Lynn, Mass., recommended by H. H. Carter and G. W. Hamilton.

The Secretary read a communication from Mr. W. P. Shinn, chairman of a.

committee of the American Society of Civil Engineers, on revision of the consti-

tution, suggesting the appointment of a committee to confer with the committee
of the American Society, with a view of determining whether a satisfactory basis

can be establi -hed for affiliation among the various engineering societies. The
Government was authorized to appoint a committee of three to confer with the

committee of the American Society and to report to this Society at the October
meeting.*

Mr. Stearns, for the Committee'on Revision of the Constitution, submitted a
draft of a new constitution and by-laws. The committee was authorized to print

the same and send it to members at once for suggestions.

Mr. George A. Kimball, for the committee appointedfor the purpose, presented

and read a memoir of William S. Barbour.

On motion of Mr. Albert H. Holland, the Secretary was requested to convey
to the Boston & Albany Railroad Company the thanks of the Society for its kind-

ness and generosity in permitting the Society to occupy rooms in its Boston sta-

tion for the past four years.

Mr. Edward Sawyer then read a paper entitled, " Mills and Mill Engineering."

In the discussion which followed on mills and mill construction the following

gentlemen took part: Edward Atkinson, President, and C, J. H. Woodbury, Vice-

President of the Boston Manufacturers' Mutual Fire Insurance Company; Ed-
mund Grinnell of the New Bedford Iron Foundry; Charles T. Main, Superintend-

ent of Pacific Mills, Lawrence; Stephen Greene of Newburyport; William F.

Sherman of Atlantic Mills, Lawrence, and Vice-President Freeman, of the

Society.

President Fitz Gerald discussed the matter of heavy floors of wood in their re-

lation to fire-proof construction, and illustrated by reference to a recent fire in

*The Government has appointed the following as members of that coram ittee

Frederick Brooks, Dwight Porter and Sidney Smith.
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the Wheeler Building, on Kingston street, Boston. Mr. L. F. Rice described the

construction of this building, which he had examined previous to the fire.

[Adjourned.] S. E. Tiitkham, Secretary.

ENGINEERS' CLUB OF ST. LOUIS.

September 11, 1889, 310th Meeting.—The club met at Washington Uni-

versity at 8:15 p. M-, President Meier in the Chair, sixteen members and two vis-

itors present. The minutes of the 309th meeting were read and approved.

The Executive Committee reported the doings of its 76th, 77th and 78th meet-

ings.

The Secretary read the letter of August 7, 1889, from Wm. P. Shinn, Chair-

man of the American Society of Civil Engineers' committee on revision of its

constitution and by-laws. The letter suggested the appointment of a committee

representing the Engineers' Club of St. Louis for the purpose of conferring with

the American Societies' committee, with a view of determining whether a satis-

factory basis can be established for affiliation between the American Society and
the local organizations. The Secretary made a verbal statement of the consider-

ation which had been given this subject by the Executive Committee in conjunc-

tion with the club's special committee on closer union of engineering societies.

These deliberations had resulted in the following report:

Your Executive Committee recommend that a committee of three be appointed by
the chair to confer with the committee of the American Society of Civil Engineers,
and with other clubs, on a plan of union on the following basis:
All local organizations to become chapters of the American Society of Civil Engi-

neers, and to have the exclusive right of electing to a grade similar to the present
grade of "associates," subject to some general minimum scale of qualifications.
Such members of the local organizations as are not now members of the American

Society of Civil Engineers to become "associates" by their clubs < ntering this union.
The only other grade of membership to be member of the American Society of Civil

Engineers, and these to be elected as at present by the members of the American
Society of Civil Engineers.
And further, in the event of a conference being called between other committees,

that the committee of the St. Louis Club be authorized to send delegates to such
conference.

Mr. Seddon made a verbal explanation of the committee's report. Mr. Russell

read reports which had been made by local members of the American Society of

Civil Engineers in Chicago and in St. Louis. The sentiment was entirely favora-

ble to the proposed affiliation. President Meier gave some further explanation of

the different points which had been considered in committee. Mr. R E. Mf-

Math suggested that the proposed action being of great importance, it could per-

haps be more clearly understood and acted upon, by dividing the measure into

three parts :

1st. Shall this club appo'nt a committee as proposed ? 2d. If the club appoint

a committee, shall it be empowered to send a representative to a conference ? 3d.

What plan of action, if any, shall this committee be authorized to promote ?

He further moved that the chair appoint a committee on a plan of union, as

proposed in the report of the executive committee. This motion being seconded

by Mr. Robert Moore was on vote carried. Mr. McMath then moved that the

committee be authorized, with the consent and approval of the executive commit-
tee, to send a representative to the proposed conference at the expense of the club.

Seconded and carried. Mr. Robert Moore moved that the committee be author-

ized to act in the general line mapped out in the executive committee's report, as

expressing the sense of the club. Seconded and carried. President Meier ap-

pointed as such committee Robert Moore, R. E. McMath and J. A. Sediion The
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secretary announced an application for membership from H. M. Kebby, now engi-
neer on the People's Cable Railway, of St. Louis. His application was indorsed
by T. B. McMath, W. Bartlett and E. D Meier. F. M Cruuden, librarian in the
public library, being present, was invited to make a statement regarding the pro-
posal recently submitted this club by the public library regarding meeting place
for the club, and co-operation between the club and library. The question at issue

was the requiring of members who already held life memberships in the public
library to take out additional memberships with the club. After some discussion,

in which Messrs. McMath, Long, Seddon, Hubbard and Bryan took part, the mat-
ter was laid over in order to ascertain the number of members affected by this

point. W. H. Bryan, Secretary.

IAdjourned.

1

ENGINEERS CLUB OF KANSAS CITY.

September 7, 1889 :—A regular meeting was held at Wallula. Kan., at 11:30

A. M.. by invitation of Mr. H. A. Keefer, Vice-President Breituaupt io the Cnair,

Kenneth Allen, Secretary.

Minutes of the last regular meeting, and three meetings of the Executive Com-
mittee, were read and approved.

On motion of Mr. Mason it was voted to appoint a committee to confer with a

committee of the American Society of Civil Engineers, and similar local com-
mittees, with reference to a closer affiliation among the vinous engineering

societies.

The following resolutions of respect, prepared by Mr. Talmage, were read by
the Secretary :

Whereas, We, the members of the Engineer^' Club of Kansas City, have
learned with profound regret of the death of our fellow member, Eugene J.

Remillon, and

Whereas, We feel that in his death we have lost one of the brightest and most
industrious members! of our Club; aDd
Whereas, We appreciate his high character and thorough integrity ; therefore

Be it Resolved, That we tender our heartfelt sympathy to his bereaved family,,

and express our high regard for his professional standing and personal character;

and
Be it Resolved, That the above resolutions be duly entered in the records of the

Club, and a copy thereof sent to his family.

A paper on " Water Gas " was read by Mr. A. G. Glasgow. The writer en-

deavored primarily to correct the very general misconception the public entertains

concerning the ultimate possibilities of " Water Gas," by demonstrating that

absolutely no thermal advantage is derived from ih j use of the gases obtained by
the decomposition of steam. But, that for every unit of heat developed by the

hydrogen thus obtained, au equivalent in carbon has been consumed in the gene

rator. And further than this, that the use of steam is a source of actual loss,

determining the percentage of heat thus lost. Incidentally, descriptions of the

methods and modern apparatus for the manufacture of both fuel and illuminating

water gas were given.

A paper was then read by Mr. H. A. Keefer on " The Early Manufacture of

Iron."

Smelting by Egyptians, done without blast in furnaces s'milar to lime kilns.

Use of iron spread over Europe until the downfall of Rome, when Spain produced

all iron used until middle of eighth century. France and Germany then took up
its manufacture in Catalan forges, furnishing from two to five tons weekly each.

Modern blast furnace appears about middle of thirteenth century, hut England
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did not supply her own demand until middle of eighteenth cntury. The blast

was usually supplied by bellows worked by water-power.

1735.—Coking coal begun. Abraham Dally.

1735.—Cast iron blowers invented. John Smeaton.

1769.—Steam bellows invented. James Watt.

1783.—Puddling and rolling in bars. Henry Cort.

1820.—Puddling in France and SwedeD begun.

1S30.—Puddling in Prussia begHn.

Treatment of ores described.

1644.—First successful furnace in America, near Lynn, Mass.

1740.—Iron manufacture taken up in New York.
1715-1770.—Great development in New Jersey and Pennsylvania; 300 to 4001

tons per annum produced.

Value of iron and steel produced in United States, 1888, far exceeded that of all

other metals combined.

Afttr brief discussions of both papers the following were proposed as Members;
John R. Braidwood, by F. C. Gunn and O. B. Gunn.
And as Associates:

Robert M. Sheridan, by "W. H. Breithaupt and H. A. Keefer.

Thomas Ashbumer, by W. H. Breithaupt and F. C. Gunn.
Thomas Callahan, by F. C. Gunn and A. J. Mason.

After an excellent lunch served on the lawn, the guests were most hospitably

entertained by Mr. and Mrs. Keefer, with various out-door games until 6:30
when the train left for Kansas City.

[Adjourned.] Kenneth Allen, Secretary
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MILLS AND MILL ENGINEERING.

By Edward Sawyer, Member op the Boston Society of Civil
Engineers.

[Read September 18, 1889.]

The word ''mill,*' originally designating a machine for crushing or

pulverizing food materials and other substances, was afterward taken to

include also the containing building with the motor apparatus and all the

other appurtenances—to be, in fact, a short synonym for milling estab-

lishmertt. The fundamental distinguishing characteristic of such an
establishment was that in it useful work was done by mechanisms
actuated by power from -without. Then the public—with its usual

ignorance and disregard of etymological propriety—took the word mid as

a designation for such establishments in general, even these for making
textile fabrics, where the object was not to pulverize materials, but, on
the contrary, to arrange them in certain oiderly ways with the least

possible injury to the fibres.

The vfor<\ factory is a better one etymologically, but it is longer and less

thoroughly assimilated from Latin. Its present employment, in connec-

tion with certain industries, seems to be a matter of usage or euphony
rather than of any strong reason ; and the same may be said of the word
shojj.

Thus usage has selected the word mill, as a generic term with specific

prefixes ; and as new industries have developed from time to time, new
prefixes have grown on to It—without any order or system—indicating the

scope of the business, the source of power, the product made, the process

performed, or the material worked.
This movement was not confined to the English language only—sub-

stantially parallel ones occurred to a greater or less extent in the other

principal languages.

Scientifically considered, this makes a bad jumble ; but practically it

involves little or no ambiguity. The prefixes teU the story fully and ac-

curately enough, and their meanings are easily learned.

The evolution of the modern system of manufacturing on a large scale

and on business principles is the work of this last century of progress.

Approximately, 50 years were spent in the immediate preparations for it
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and 50 more in its development. This system is one of the three great

facts in the present industrial era, the other two being science and steam

transportation by water and rail. All before this is the wilderness of hand
work, into which Ruskin and Tolstoi and other well-meaning but deluded

men imagine they wish to force us back by then talk.

In those old, hard times, the difficulty of transportation compelled each

town to be almost a complete industrial system by itself ; to do a little of

almost everything in the way of supplying its own wants.

If we had time, it would be interesting to trace some of the principal

facts and causes in the history of the growth of the mill system and its

relations, both of cause and effect, with science and steam transportation
;

to follow the transition from the era of muscle-power and hand-work to

the era of mechanical motors and machinery ; which, though now well

established, is still in its first youth ; but, at the utmost, we can take only

time to mention some of the more prominent factors in the case.

Among these must be reckoned, as a sine qua non, a full supply of irons

at moderate prices. This want began to be met tolerably well by the in-

troduction of mineral fuel in 1745, and of rolling-mills and pudclling-fur-

naces in 1783 and 1784.

A better supply of power was equally needful—muscle is wholly incom-

petent to do the world's work satisfactorily. Wind-wheels and water-

wheels could and did do much , but only a small fraction of what was
needed for a high state of civilization, especially in the absence of steam

transportation to carry supplies, materials and products to and from the

places where water-power could be obtained.

The improvement of the stationary steam engine into a practical work-

ing machine made a long step toward revolutionizing the conditions,

allowing power to be furnished and mills to be located at the dictate of

general considerations of supply and demand.
Machinery was also imperatively required. To have a good supply of

this, at moderate prices, machine tools must be had for making it. These

tools, various, convenient and effective as they now are, consist mainly or

largely of outgrowths and applications of the principle of the slide rest.

Even in those machines which involve other features of immense value

like the steam hammer, the modern grinding machine, etc. , the principle

of the slide rest is an indispensable part of the combination.

Simple and obvious as this device appears, it is one of the most impor-

tant factors in modern industrial progress. If any one wishes to get a

just idea of the radical difference between the old and new ways and the

sharpness of the transition, let him reflect upon the fact that the slide rest

was not known by machinists generally till 1794, and was reinvented in

that year and put to practical work in connection with the turning lathe
;

and, further, that notwithstanding its immense efficiency as a labor-saver

and talk excitant, it was not utilized in the building of a metal planer,

even for flat surfaces, till 1825. It is stated that the introduction of such

machines immediately reduced the cost of producing plane surfaces to less

than one per cent, of the cost of equal work by chipping and filing.

In the meantime, many fairly efficient machines had been devised and
brought into use in the textile and other industries, so that the mill system

of manufacturing was then fairly started.
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But the more it grew, the more urgent became the need of better means

of transportation. The problem of steam transportation by water proved

comparatively easy. But it was much less easy to hit upon the proper com-

binations for success on land, viz.. the abandonment of common road sur-

faces and the substitution of metallic rails, very radical reductions of the

limits of gradients and curvatures, the use of high-pressure steam, multi-

tubular boilers and the exhaust blast.

This combination having been completed in 1829. the great essentials

for the development of the mill system were ready, viz., the steam en-

gine in good working efficiency, a fairly good supply of irons, machine

tools and general machine-making and steam transportation, all well

started.

I understand that a gentleman for whom we all have a high respect, in

a recent address to an assemblage of Boston merchants, claimed that these

great movements were caused by the development of the banking system.

But long before this was said, a parable was invented to answer it, viz.,

the story of the two Yankees who were thrown upon an uninhabited island

in a condition closely approaching to destitution, but in a few days each

became rich by trading jack-knives back and forth with the other. This

champion he has a poetical thoroughness and vividness which the other

statement lacks, but both involve substantially the same absurdity. Many
things were indispensable in these improvements without being in any
fair sense the cause of them—paper, for instance.

The development of the mill system has been a powerful stimulant to

the improvement of water wheels, or, perhaps, we may say that the lat-

ter has been a part of the former.

In the infancy of this country, when there was a superabundance of land

and great reverence for the authority of the State, it was easy for the gov-

ernment to exercise the right of eminent domain. Later on, the '

' fierce De-

mocracie," forgetting that then- titles originally issued from the State, sub-

ject to tbis right, in all its breadth, contested its exercise for any purpose ex-

cepting the laying out of highways. But in the time of Queen Anne it

was easy to see the justice and wisdom of using it in aid of mill building,

to the extent of authorizing any riparian owner to build a dam on his own
land and maintain a head of water for actuating a mill—though it might
incidentally flow back over land of owners above—on payment of proper

damages, ascertainable by legal proceedings. Neither natural right nor

the public interest can be pleaded in favor of allowing an owner of farm-

ing lands to also hold waterfalls running to waste through them, when
other persons wish to put them to useful work for tbe general benefit.

In this early time, the practical necessity for such aid to mill building-

was much greater than it is now. The steam engine was not in sight in the

future. In Massachusetts the main bulk of the population was spread out

to an average of perhaps not more than 20 persons to a square mile,

so that the number of people within reach of any mill—by the bad roads
then in existence—was not sufficient to promise it much business ; and
capitalists with a few hundred dollars to invest in building and operating

mills were not numerous.

Considering the urgent need for grist-mills and saw-mills, and the un-
questioned right of eminent domain, the Legislature of the Province of
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Massachusetts, early in the eighteenth century, made a law—commonly
called the mill act—authorizing flowa^t' under the conditions above stated.

Through all tie changes of our statutes, this provision has ever since

been, and now is. a part of the law of Massachusetts, and it has also long

been a part of the law of many other States.

But the right was not restricted to grist-mills and saw-mills. In the

course of time other industries, in iron, paper, gunpowder, wool, cotton,

etc., started and began to use water-power, also in a small way, here as

well as in other civilized countries. Establishments for these industries

were also styled mills, i. e., assemblages of inanimate machinery and
motors for performing certain mechanical operations: and so far as I

know, the point has never been raised against any such establishment

that it was not a mill within the meaning of the mill act, and no attempt

has ever been made to exclude any of them when the general statutes

have been revised from time to time.

Thus a cotton mill, a watch factory, a machine shop, or an electric light

plant, can, without question, exercise the flowage right originally granted

in aid of the grinding of food materials. Rightly and wisely so, in my
opinion. The cases in which injuries by flowage cannot be or are not en-

tirely compensated for by money damages are very rare. Doubtless

there are many general laws which involve much greater individual hard-

ship than this. Moreover, the broad and statesmanlike view seems to be

that these later industries are as needful to the strength and prosperity

of a great country as the little rude grain-mills and saw-mills were to the

immediate wants of a poor agricultural one.

In the development of the mill system in Great Britain, with no consid-

erable water powers, and with a good supply of coal, steam was the only

source of power to be considered. In New England the conditions were

reversed.

The little beginnings of the bituminous coal business in Maryland were

merely local, and not suspected of having any relation to affairs in New
England. Anthracite, as a practically useful fuel, was unknown. Here

there were many excellent water powers running to waste near tide-

water. Probably no one thought to ask whether there was any other

source of power practically available, and if the question had been raised

every one would have said, without hesitation, that steam power was
wholly out of the question by reason of its much greater cost. Whether

the existence of these water powers suggested the building of mills on a

large scale, or the desire to build such mills called attention to the water

powers, it is evident that without the latter the mill system would not

have grown up here when it did.

It is easy to see why Lowell should have been selected as the place for

manufacturing on a large scale, by the Boston promoters, after the suc-

cess of theh first start at Waltham. For the first few years the water

power easily available at Lowell was in excess of the demand. But most

of the people seeking for mill sites naturally went there in preference to

making large expenditures for land, darns, canals, grading and other

matters needful for developing water-power in other locations.

Thus it happened that the sagacious men who controlled the business

in Lowell learned by the most certain test of experience that their water
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power was very valuable, and looking ahead, they clearly saw that the

demand wotdd soon exceed the supply. The conditions were favorable

for the development of the genius which would produce a more efficient

and convenient water-wheel. The man was already there in the person

of Uriah A. Boyden, then or recently engaged in the engineering works
of the proprietors of the water-power.

The high-breast wheels used there prior to 1840 were as good as any,

and much better than most, of the wheels in general use. A few turbines

had been made in France and in this country which gave a maximum
utilization of 76 per cent, of the water-power expended. The best breast

wheels of ample size for the water applied could do about as well, but in

practical work they probably gave not more than 55 to 67 per cent., de-

pending largely upon how much water was crowded on to them.

Boyden began soon after 1840 about where Fourneyron left off, and soon

ran the utilization up to about 88 per cent. Becoming intensely interest-

ed in this work, he continued perfectingthe theory, with the aid of careful

tests of about 20 turbines of Iris construction, under falls varying from 7

to 35 feet, until he obtained a utilization of about 95 per cent. His tests

were, of course, made with weir measures of the water used and friction

brake dynamometer determinations of the power yielded.

Subsequent observations of a less exact nature tend to corroborate this

result. The careful experiments of Boyden and others enable us to esti-

mate from the dimensions of a turbine of this type how much water it

will use under given conditions, with a close approach to exactness. And
good estimates of the power obtained can often be made by alternating

the turbine with a steam engine in actuating the same machinery,

measuring the whole power and also that absorbed in the engine itself, by
indicator cards, and subtracting the latter from the former. In a com-

parison of this kind which I recently made for a turbine of about 740

horse-powers under 40 feet fall, it seemed most probable that fully 95 per

cent, was utilized.

Since 1850 many ingenious men have spent much time and thought for

improving turbines in other directions. One desideratum has been cheap-

ness of first cost. Many buyers give too much weight to this. In general

it involves putting a large quantity of water through a wheel of relatively

small diameter, with more or less lowering of the ratio of utilization. But
in many places where water is constantly running to waste, and likely to

do so for many years to come, common sense calls for cheap but durable

turbines without much regard to economy of water.

Another and more important desideratum has been to make turbines

which will give high ratios of utilization with the gates partly closed.

The most favored way of securing this result is by the use of wheels com-
bining inward and downward discharge. This requires a complicated

form of bucket, and the theory of the motions and pressures of the water

is too abstruse for anything like complete mathematical analysis. Never-

theless, intuitive judgment and patient experimenting have produced

several good wheels of this type, whose ratios of useful effect fall off but

slowly with diminution of gate opening.

So far as I know, very little improvement in hydraulic motors has orig-

inated in Euroyje during the last fifty years—nothing worthy to be men-
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tioned even, in comparison with what has been done here. Our progress

in other brandies of hydraulics also compares favorably with all that has

been made elsewhere in the same time, notwithstanding the fact that

foreign investigators have had large amounts of public money for making
extensive experiments.

A few years ago, A. De la Candolle elaborated, at great length, the

theory that the best test for gauging the intellects of the different nations

is to ascertain how many individuals per million of them have been mem-
bers of the different learned societies in Europe.

The inadequacy and injustice of tin's theory, as applied to the people of
this country, is strikingly apparent when we consider how much more
progress we have made in the last sixty years in the theory and practice

of hydraulics than all the rest of mankind. Yet our principal workers
in this line have not been members of any foreign society : they have not

run to Europe for recognition. The learned De la Candolle is probably

almost wholly ignorant of their existence and their works.

While the improvements in hydraulic motors developed by or with the

m ill system of manufacturing, since the time of Fourneyron, have been

substantially limited to this country, our contributions to progress in

steam engineering, automatic tools, electrical work and various other

matters, will compare favorably with those of all the rest of the world,

and have attracted much more attention than our hydraulic work, they

have gained few if any elections to membership in foreign learned so-

cieties.

In this gauging of intellects it must be remembered that America is, to

a large extent, a world by itself; that our workers are tolerably well con-

tent with the substance of progress and acquirement, and have not much
time or inclination to struggle for European appreciation ; if it comes it is

a pleasant incident merely, but it cannot make our discoveries and im-

provements any more certain—ignorance of them cannot make them a

particle less certain.

It is obvious that many parts of the work of planning and building mills

are substantially similar to operations in other branches of engineering.

Our subject limits us mainly to points which are peculiar to or specially

prominent in mill engineering. It cuts us off from the discussion of many
matters of the first importance with which all engineers are acquainted,

but leaves us a multitude of secondary of minor points which may have
some novelty and interest for workers in other branches of the profession.

One advantage wliich the mill engineer has, pre-eminently, is that he

has numerous opportunities to observe the results of many risky experi-

ments tried by men whose knowledge, prudence and judgment vary

greatly. Much can be learned from such observations, but it is not wise

to generalize very dogmatically from a_ single failure—much less from a

single escape from failure.

To begin at the bottom—it often becomes necessary to build high mills

and heavy storehouses over arched water-ways much larger than ordinary

conduits or sewers. Many of these water-ways, 10 to 16 feet wide, are

built with wooden floors, sometimes sub- filled with concrete, brick side

walls 16 to 24 inches thick and 4 to 6 feet high, and brick arches rising
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one-fifth, to one-half the span, 12 or 16 inches thick. It is obvious that the

thrust of these arches must be resisted mainly by the earth back of the

walls iwhich is filled in, of course, before the centres are struck). This

seems rather risky, but I do not remember any instance of failure or

serious crippling in such a case. These arches are usually loaded with 5

to 20 feet of earth, and sometimes piers to carry 20 tons each are built

upon them, wherever they chance to come. In good practice the arches

are thickened at such places.

Single race-ways often take the water from two or three turbines, say

250 to 400 c. f. s. ; in which cases they are likely to be from 20 to 25 feet

wide and 5 to 8 feet deep, with side walls of rubble stone laid in cement

mortar and brick arches of about one-fifth rise and 16 inches thick.

Where mill columns come over such arches, it seems to me best to support

them by trusses, independently of the arches.

Many mills are built on the banks of rivers, from which it follows, not

unfrequently, that one wall stands on good hard bottom and the opposite

one on piles. At the points of change we are likely to have a deep founda-

tion wall on earth bottom, adjoining very short piles in soft material, and

to feel some anxiety as to unequal settlement and possible cracking of the

superstructure. But in the few cases which have come under my own
notice I have not observed any such results.

In many cases the bottom on the river side is softer than on the other

side. It may not need piles, but only a wider earth base in the foundation

walls. I haxe seen a few very old mills which were still settling and
.

cracking from insufficient earth base on the softer parts of the sites; but

I think these cases of long-continued settlement are rare.

In the very common case of the up-hill side of a mill standing on a bank
wall with a surcharge <>f 5 to 20 feet of earth on the outside, these walls

often yield slowly to the relentless pressure. For several months in every

year a thick stratum of earth is powerfully expanded against them by
freezing. When the earth thaws, it follows up any yielding which has

occurred, and the process is repeated in every succeeding winter and
summer.
An accumulation of a few inches of such movements in twenty to fifty

years, which might not be specially noticeable or objectionable in a mere
retaining wall, will seriously distort a mill—especially an old-fashioned,

narrow and high one—throwing some of the walls out of plumb and strain-

ing their connections with the others; also throwing columns out and
bringing the weights on to them diagonally instead of axially, and endan-

gering the stability of small pintles at the floor beams, if such are used.

Many and probably most old mills with unbalanced earth pressure on one

side have been considerably distorted in this way. The modern practice

of building such bank walls with cement mortar and draining the earth

behind them will doubtless contribute materially to their stability.

The large dimensions of modern mills raise into importance certain con-

siderations, which are often ignored with impunity in the case of build-

ings cut up into rooms of smaller sizes

.

One of these is that an unbroken floor of 8-inch plank, four or five hun-
dred feet long, will change its length as well as its width, with changes in

the amount of moisture which it contains. I have known a tightly-fitted
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lower floor of well-dried plank, to expand lengthwise enough to push the

end wall of a null out and crack the side wall at the first window from
the corner, with no settling, or any change except mere horizontal separa-

tion. The end wall was well fastened to the floors above, and as these did

not gain moisture there was no crack anywhere above the first-story

window.

On the other hand, I recently examined a mill nearly 500 feet long,

which was floored throughout with planks just from the log. In drying,

all the floors above the first story shrunk from 4 to 6 inches in the whole
length, and as they were not well fastened to the end walls, after bending
these walls in an inch or two, they pulled away from them, leaving a gap
of an inch or more at each end. Of course, the floor beams were also

moved toward the middle of the length of the mill and carried the

columns along with them. Probably the ground floor shrunk but little,

leaving the bottoms of the first-story columns about in place, so that they

were canted out of vertical, perhaps 2 inches at the ends of the mill, and
diminishing from that to nothing at the middle. They were about 16 di-

ameters long, so that an inclination of 2 inches would throw their end
planes £ inch out of level, leaving only small areas in bearing, with crush-

ing pressures at the salient edges, and bending the axes of the columns into

reversed curves.

If the columns had been made of cast iron instead of wood, the dimuni-

tion of end surface in bearing and the resulting concentration of pressure

would have been vastly greater, owing to the rigidity of the material.

If the ends of a column are not plane and square with the axis, or if the

surfaces against which they bear are not plane and level, the same mis-

locations of the pressures occur, and the column suffers still more by being

bent wholly to one side instead of into reversed curves on opposite sides

of the line of pressure.

It is evident that the consequences are the same when such misloca-

tions of pressure are caused by poor work in the original construction, as

Avell as by any subsequent movement. Probably there are many cases

where bearing surfaces, say nine inches in diameter, are open J^ in. at

one edge, which may he caused by setting a post -J
in. out of plumb, or

by other poor work. This is too much for wooden columns, far too much
for iron ones.

It seems rather probable that these poor fits materially lessen the re-

sistance to horizontal vibrations of floors, which is often troublesome in

mills where looms are beating.

It is common to cast the bearing plates with rims around them, form-

ing sockets to receive the ends of the columns. These sockets effectually

conceal the worst possible fits between column and plate, as made by the

most careless builders, and also prevent the most careful ones from seeing

whether the fits are good at first and whether they remain so. Such
sockets at the lower ends of columns hold all the water that happens to

reach them, and are thus very efficient in rotting the wood. I have traced

rotton cavities made in this way several inches up from the base.

The ostensible reason for making these sockets is to hold the columns
in place. But, ordinarily, a central projection, cast on the plate, say 1$ to

2 in. in diameter and 1 in. long, fitting into an axial hole at the end of
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the column, gives security enough. If the column is bored for ventilation

the hole is already there.

One of the worst fumbles ever made in mill construction is in the matter

of pintles for carrying the weight from a column down through floor

beams to the column below, or between loose plates at the ends of such

columns. These have often been made of iron cylinders about 4 inches in

diameter and with rough ends. The ill-fated Pemberton mill teetered out

its brief life on props of this kind.

A large building was recently erected near here with oak blocks 5 inches

square, trying to act as pintles on cast-iron columns 9 inches in diameter

and If inch thick.

A high and very heavily loaded building stood for several years, near

£nd here, with T shaped pintles having stems 2-| X 4 inches

JEfaratia butting together in mortises through the floor beams.

and each carrying loads of from 200,000 to 300,000

pounds. As it is practically certain that in many
cases the ends offset, more or less, at the place of meet-

ing, and that many of them were canted so that their

end planes were not in the same plane, the wonder is

that very few of them failed, and the building continued to stand till it

was re-enforced.

The method of cutting the beams short, and carrying the column down
to a plate resting on the column below, which is long and strong enough

to carry the beam ends also, is much safer when properly arranged, and
answers well for storehouses.

But for a good class of mill-work suitable pintles are much better.

A very little consideration will show that the end plates and the con-

necting part between them ought to be cast in one piece. The connecting

part, or stem, is best made of cruciform cross section ;* and it should

Section on ^1B.

£Z\

ElEMTIOy.
wttA fre/i/ beams t t removed.

extend up to the top of the floor, carrying its top plate just above this
level; so that the column above is favored as to dry rot, and is above water

* Obviously, this is not the best form for economy of iron, but the difference; in
cost is unimportant.
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when the floor is washed, and it also has fhc advantage of leaving the
joint in sight. This requires a central boss on top for holding the upper
column in place, as well as one below for the lower column. In extra wet
places, like dye-houses, it is a good plan to carry the top several inches
above the floor.

Finally, the castings should be centred on the ends of these bosses, put
into a lathe and the bearing ends turned on' square with the axis.

I began to use pintles of this kind nearly twenty years ago, and have
used thousands of them with entire satisfaction. They fulfill all the re-

quirements perfectly, and there is no good excuse for not using pintles of

this general type in all ordinary cases, or for using small prisms separate

from the end plates, in any case.

Many carpenters like to fit floors in very closely, especially top flooring

boards. Sometimes these are cut long and sprung in with the well-known
action like that of a toggle-joint, so tightly that the ends of the boards
are veiy noticeably upset against the irregularities of brickwork. This, of

course, means a pressure of several tons per board. By accumulating
pressure from several boards in this way, it is easy to bidge out a wall or

to pull it apart longitudinally, making a crack from a window above to

one below the floor which exerts the pressure, especially in the upper
stories, where the walls are thinner and weaker than nearer the ground.

The non-expert public usually charges such cracks, as well as most
others, to defective foundations, even when they appear far above the

ground, and with no other rupture above or below them; in which
case a very little reflection ought to show the absurdity of this notion.

This results largely from the intuitive feeling which most people seem
to have that brick or stone walls will stand almost any amount of press-

ure, either compressive, tensile, bending or detrusive
; partly also from

the difficulty of realizing the meaning of words or figures representing

very large forces. When represented by the gravitation of visible masses
of matter like stone or iron, they affect the mind for something nearer

theirreal value. People who. are accustomed to move such masses, up
to five or ten tons weight, are likely to have a fairly good conception of

their magnitudes ; but if they are not familiar with larger weights, either

by^moving them or trying to appreciate them mentally, all beyond that

is merely indefinitely large; it makes but little difference in their minds
whether you say 20, 50 or 100 tons.

Many mills for textiles are now made 100 or 125 feet wide, and in good

practice they are well supplied with natural fight—better than many nar-

rowmills, in the building of which the importance of this matter has

often been strangely overlooked.

Light from combustion is comparatively poor and costly. Where much
of it is used for several hours in succession, as in large and poorly win-

dowed weaving-rooms, for instance, the vitiation and overheating of the

air sometimes approach closely to the point where operatives of ordinary

stamina can barely exist but have no vigor left for work. Doubtless

their ability for work the next day is also lowered by this ; often also by
the colds taken on going out.

The superiority of electric lights in this respect is one of their great ad-

vantages.
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To secure good natural light in a wide mill, the stories must be high

and the windows large, occupying 40 per cent, or more of the sidewalls,

and leaving but little width of brickwork between them. Just above

these tall and narrow masses of brickwork carrying the whole weight

there must be large cavities in the walls to receive the beam ends. These

conditions call for well-built walls of good thickness. As ordinarily

made, such walls settle together considerably, and this must be taken into

account if one wishes his upper floors (supported partly on the walls and

partly on columns) to remain closely level. "Window sills are also more

likely to be cracked, but this can be wholly avoided, of course, by proper

precautions. If window frames are built in tightly the pressure forces

the stools down at the ends and leaves them bent up in the middle.

Perhaps a few words ought to be said here on the controversy between

high and low mills. All must admit that the objections to heights of six

stories or more are of considerable importance, though diminished by

having a good number of stairways, well located, and by automatic

sprinklers, etc, As we are all aware, the case for one-story mills has been

urged with the greatest vigor and ability here in Boston ; but, probably,

the great majority of manufacturers think the relative merits, as a

whole, of this style of mill have been overestimated, and do not believe

that the balance of advantages generally rests with it. But however this

may be, the agitation for some reduction from the old extreme heights is a

good and useful one. In practice, however, the decision as to the number
of stories must often depend largely upon the exigencies of the location,

the character of the business done, and other special circumstances.

One of the most satisfactory reforms ever introduced in the construc-

tion of mill buildings was the getting rid of all hollow spaces surrounded

by woodwork. ' This improvement was begun 50 years ago or more by
throwing out the old-fashioned floor joists with lath and plaster under

them and substituting the solid floors now in general use ; and it was
advanced a long step further about 35 years ago by dispensing with steep-

pitched roofs and substituting flat ones covered with felt, pitch and
gravel. These steep-pitched roofs made bad fire risks, at the best—very

bad as ordinarily finished—and they were objectionable in other respects.

At first the flat roofs were made wdth one-inch boards, requiring supports

by joists not over two feet apart. A few years later, planks and beams
were substituted, making the construction substantially like that of the

floors, excepting the slight slope required. I understand that a member
of this society designed roofs of this kind over 30 years ago, and began to

build them in 1861 or 1862. It seems that the same idea occurred to others

independently at about the same time. Like many other good things, it

seems simple and obvious enough now ; but no one acquainted with the sub-

ject can compare the steep roof and the flat one without a feeling of satisfac-

tion amounting to positive pleasure at the superiority and fitness of the

latter, in every respect.

The works inside of the building, however, are the main substance of

the mill, and require the principal care and thought.

When we come to consider these we find that modern mills, especially

for some kinds of textile fabrics, have become very complicated, and the
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tendency in manufacturing generally is toward greater complexity.
Sometimes a new improvement simplifies a machine or process, but more
often it brings in some new organ, machine or apparatus to do the work
better or to do something which was previously neglected or trusted to
manual labor.

To get all the different works co-ordinated in the best way, free from
mutual interferences and needless complexities, it is desirable that sub-
stantially everything should be planned before anything is built, though
some small matters, like details of gas-piping, wiring for electric lights,

etc., may be left to take their chances; they must keep out of the way of

other things in any case.

Some ingenuity and much patient study are needed on the part of the
designer to get plans thus well matured in advance of construction. Time
is also needed, and owners are often unable or unwilling to allow tbis. It

requires less mental effort to take one step at a time and trust to luck for
the succeeding ones—to put up shafting and belts, and then consider how
to arrange the various systems of piping, etc. But in doing this, one will

always find some of the previous constructions which he wishes were dif-

ferent and which might have been varied as well as not if the require-

ments of the later work had been seasonably brought out by planning all

at the same time.

Of course, the planning should begin at the right end: first, the deter-

mination of the product required, and the schedule of machines to make
it ; then the placing of these machines in convenient relations to each
other, and so as to use floor space to advantage, leaving only so much as

is needed for passageways, stock in process, etc.

Along with this must be considered the dimensions of building and
number of stories required to furnish the needed floor space conveniently

and without breaking departments; also, the nature of*the power plant, the

location of the rooms relative to it, the spaces required for main belts, etc..

Other things being equal, it is desirable to have the water-wheels

within the mill, so that the power may be carried from a first horizontal

shaft of moderate length directly to the main shafts in the different

rooms. The same principle applies in the case of steam engines ; but

when then fly-wheels are too large to go inside conveniently, they may be
placed just outside and still have the advantage of belting directly to the

principal main shafts.

It is obviously desirable to have the boilers in a one-story building at a

moderate distance from the mill, and in any case, to have ample space,

say, seven feet high above them, for pipes, fight, inspection and repairs.

It is well to have a large number of main shafts driven directly from
the fly-wheel or main drum. This saves dividing up of power further on
by other transmissions through large counter belts, which are always ob-

jectionable over the machinery. Many small ones must be used, hcwever r

and it is important to locate them where they will do the least harm. It

is a good rule never to run pipes through them, with the risk of their

being pulled down and broken by the belt in case of accident, allowing

escape of steam, gas or water.

If sprinklers are to be used, their locations should be considered, and

reasonable concessions should be made to keep the shafting and belts
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clear of them, and, as well as may be, of the pipes for supplying them.

The same is true of steam pipes for heating and of atomizers for moisten-

ing the ah and the pipes for supplying them, if these are required.

Formerly it was the general custom to heat by pipes running along the

walls under the windows. This would seem to be the best position for

taking care of the cold air coming down from the walls and windows.

But pipes here take up about four inches of space, ordinarily one per cent,

of the whole floor area. Inflammable stock, lint, waste, etc., are also

likely to come in contact with them, increasing the risk of fire. These

objections can be avoided, in part at least, by placing the pipes overhead,

where, if they are near the walls, they heat the rooms weU enough. Usu-

ally the top of a room is less crowded with shafts and belts near the walls

than toward the middle.

Within the last few years the system of indirect heating with steam

coils and blowers has been coming into use and has given good satisfac-

tion.

Other things being equal, it is desirable to have a shaft run along the

middle of the space which it serves with power, so that the counter-belts

can balance each other in their pulls upon it.

All counter and machine belts less than about six inches wide should

have room enough to run off or be thrown off, on one side at least, with-

out fouling, and it is well to have positive stops to prevent their running

off the langerous side, if there is one. I have seen plans made for four or

five machine belts to run in close proximity to each other on one wide

pulley—a very unprofitable and dangerous thing to try.

A competent designer who knows that such arrangements are inad-

missible will not get get caught in them ; but he will often find good

reasons for going back and changing his previous drafts, moving shafts

sidewise and also altering their make-up, in favor of other things. Some-
times the modifications will run back even to the arrangements of the

machinery and of the building.

The most difficult cases arise in connection with alterations and enlarge-

ments of existing plants. In these cases, especially, it is often difficult to

decide between several alternative schemes, all having some unsatisfac-

tory features. If the designer is a conscientious and painstaking worker

he will develop these schemes, and perhaps some others which are

thought of during the process, far enough so that whoever is to decide

between them can clearly see their respective merits and defects.

In planning transmissions of power, it is important to consider where
the minimum of costs occurs, as between pulleys and belts. The larger

the ptdleys are the more they will cost, but the faster the belt will run and
the less will be its width and cost, at first and also for renewal. It will also

make less pull and friction on the shafts, develop less dirt and electricity,

and can be more easdy thrown on and off. Many manufacturers and me-
chanics never even think of these things and would be greatly surprised to

know how much money they have wasted and how much inconvenience

they submit to in using wide belts at low speeds.

Due regard to these considerations will usually fix the diameters of

counter-pulleys at 30 inches and upward. "With such diameters the ad-

vantages of using double-thick belting ordinarily exceed the disadvantages
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and tins halves the widths, saving space, which is often important, and
jooking neater, in any case.

It is desirable that all the piping, shafting, pulleys and belts, and espe-
cially these running parts, should not only barely clear their surroundings,
but should have ample space around them, for convenience of erection,

care, repairs, etc. Failure in this respect is fatal to anything like elegance
of design.

If everytliing is well arranged the mill wiU look much simpler and the
designer will receive less credit than if he had thrown it together at hap-
hazard with more shafts and counter-belts, more complicated piping and
more crowding generally.

Much the most common practice in designing shafting is to depend for

its support wholly upon hangers on the floor beams or columns, usually 8

feet apart or more; then the best that can be done is to locate the larger

pulleys for main and counter belts close to a hanger on one side, hence 5

or 6 feet from the one on the other side. This throws too much of the
strain on to the near hanger, and moreover the head length of shaft, which
carries the main pulley , has to be made much larger than is needful for

any other reason, merely to avoid excessive bending. Very often the same
is true to a greater or less extent of the rest of the shaft. Very often,

also, the increase of size to secure stiffness is insufficient, so that too much
bending occurs and wastes much power without attracting attention.

Some 20 years ago certain wide-awake manufacturers made a new de-

parture in the direction of using very small shafts at high speeds. This was
pushed to an extreme, which required many intermediate hangers—perhaps
one in every bay, on an average—and was troublesome in other respects.

As to the main pulleys, it is much better, and little if any more costly,

to locate them wherever they are wanted—anywhere in any bay—then

put in special timbers so as to have a hanger close to the pixlley on each

side and each equally well supported.

As to the rest of the shaft, the best modern practice steers between the

two above-mentioned extremes ; fixing minimum diameters by the

rule that a shaft must be stiff enough to carry the great majority of its

pulleys and belts without intermediate hangers, and then putting in the

latter wherever they are needed to take good care of all the wider ones

and of assemblages of narrow ones in any one bay.

In comparing such a system with one requiring intermediate hangers

throughout, we shall find no important difference in cost or in power re-

quired, but the former will be simpler, more elegant and more convenient.

It will be better than a system having no intermediate hangers in every

respect.

Special timbers for carrying hangers and other things which ought to

remain strictly in place are often injudiciously made to depend upon clamp

connections only ; i. e. , they are merely bolted flat against their supports,

so that shrinkage, jarring, belt pull, etc., are sure to result in displace-

ment. This should always be prevented by shoulders or positive stops of

some kind.

The speeds of shafts are limited mainly by these considerations:

a. It is desirable to have them fast enough to transmit all the power re-

quired with the smallest practicable diameters. Also to have the pulleys
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which drive the machines as small as may be without having any of them
too small; i. e.. to get the proper belt speeds with small, quick-nmning

pulleys, which are cheaper and less in the way than larger ones.

b. The speed is limited in the other direction, not only by the condition

that none of the pulleys shall be too small, but also by the fact that it is

unwise to incur unnecessary friction, etc., by running faster than needful;

also by the obvious inconveniences and dangers of limning ordinary shaft-

ing and pidieys faster than about 500 revolutions per minute.

Much has been said lately, with some show of probability, as to the im-

pending transfer of a large share of our New England manufacturing

business, and especially in the heavier and coarser lines, to the South and
West. Whether this movement is to be 'more or less rapid and general,

it seems that our best policy here is to turn an increasingly large part of

our attention to the production of fine and high-priced goods, the busi-

ness of making which cannot be so easily learned and started by begin-

ners elsewhere.

The principal requisites for this are capital, of which we have plenty;

energy, in which we are not deficient; and skill, which is most important

of all. We have considerable of this already developed, and perhaps an
unrivaled capacity for acqiiiring more by trying.

This skill is needed not only at the head, but down through the ranks

of the operatives. Bad conditions do not develop, attract nor hold good
operatives; instead of this they give a procession of indifferent ones;

sometimes there are not enough of them to keep all the machinery going,

and at other times the pay rolls are loaded with too many spare ones, in

anticipation of such a scarcity.

Some of the good conditions which are profitable to have everywhere,
and are especially needful in making fine and high-priced products, are

as follows:

1. Good light, temperature and ventilation. In many places some or

all of these desiderata are lost or thrown away with scarcely any saving of

cost or other advantage, without thought or question.

2. The different departments should be well balanced, so that none may
be overstrong and costly for the amount of work required from it.

3. Every shaft should make its appointed number of revolutions, with
clocklike regularity, through every second of running time.

All these things depend largely upon the design and construction of
the mill, partly also upon the management.

4. The overseers and sub-overseers must do their work well and
promptly, so that no machine will wait for attention longer than is posi-

tively unavoidable.

5. To make sure that these possibilities are made actualities, that no
machines shall wait unnecessarily for power, material or overseer's atten-

tion, a live manager is usually needed. In many cases he will find it es-

sential to have a good and minute system of accounts and reports, so that
he may keep watch not only of his total weekly products, but also of the
details by machines.

6. If these things are well attended to, the principal condition for

keeping good operatives will be fulfilled ; viz., they will have op-
portunity and incentive to do full work and will be able to make good
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products in large quantities'; hence to earn good pay at moderate rates

per pound.

This brings us to the end of our story. These are the results for which
mills are built ; the making of good products in large quantities at mod-
erate cost is the prime condition of success.

DISCUSSION.

BY MR. JOHN R. FREEMAN.

The percentage of useful effect developed by the Boyden turbine stated

in the valuable and interesting paper to which we have just listened, is so

very remarkable that it would add much to the interest if Mr. Sawyer
would kindly give us the authority for the efficiency of 95 per cent, which
he quotes as attained by Mr. Boyden.
Mr. James B. Francis, whose knowledge, skill and experience in these

matters is, I think we will all cheerfully grant, not excelled by that of

any man living, in his " Rules for Proportioning Turbines," published in

the Lowell Hydraulic Experiments in 1855, and based upon a study of

several of Boyden's best works as well as upon his own experiments, as-

sumed 75 per cent, as a fan- average value for the efficiency; this being in-

tended, probably, as a conservative estimate which could be relied upon
as a result of care in design.

Tbe very greatest efficiency attained in any one experiment upon Mr.

Francis' Tremont turbine, built in 1851, and designed in the fight of a

full knowledge of the details of some of Mr. Boyden's best works, was 79.4

per cent. : this being a test by Mr. Francis where all the conditions for the

highest degree of accuracy were fulfilled, and with the computation of

water discharged based upon the Francis weir formula as established at

a somewhat later date.

The highest turbine efficiency mentioned in the Lowell Hydraulic Ex-

periments is that for Mr. U. A. Boyden's •' Appleton Turbines," which, in

a test where Mr. Francis was, I understand, responsible for only the com-
putations and not the observations,"' developed an efficiency of 88 per cent.

,

and was paid for on this basis. From general descriptions I have in-

ferred that this 88 per cent, wheel was one of Boyden's masterpieces,

and contained, I think, substantially all the devices that he ever

applied to a turbine for bringing out its utmost percentage of use-

ful effect at full gate, and was built almost regardless of expense. Of

this 88 per cent, three per cent, was due to the use of the diffuser, a de-

vice not applied to the Tremont turbine.

As this Appleton turbine was built some five or six years previous to

* It is not intended to cast the slightest intimation that the observations were
taken with any other than a view to give, most impartially, the exact truth. These
words happened to be prompted by the same feeling, which is more clearly expressed
in the next paragraph ; namely, that this was in the very early dawn of extremely
accurate measurement of very large currents of water, and that perhaps the condi-
tions surrounding the measurement might have been just enough different from
those which attended the standard weir measurements made bv Mr. Francis him-
self a few years later to account for, say, two or three per cent, of this very high
record.
I have always been taught to feel that Mr. Boyden was an earnest and honest in-

vestigator, who published very little and whose clear, deep insight into these hy-
draulic principles has never been appreciated, except by the very few who were
brought into immediate contact with him.
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the well-known weir experiments, I have sometimes wondered if the

data for the exact computation of the discharge was not less perfect than

for the Tremont, or if perhaps the conditions necessary for great accuracy

in weir measurement were not then less perfectly understood. This is a

mere notion, however, for I have no information on this point other than

the printed statement above referred to, but have thought perhaps this

might account for some portion of the 5.6 per cent, superiority of the

Appleton over the Tremont after allowing for the diffuser.

The only tests I can recall of a Boyden wheel with which the figures 96

per cent, are in any way connected are those of the Atlantic Mills tur-

bines at Lawrence. These were constructed under a contract giving a
generous premium for each one per cent, above 76 which might be ob-

tained, and were designed and built within about a year of the Appleton
turbines above mentioned, but did not contain the feature of spiral ap-

proach of water, which was considered to add to the efficiency of the

Appleton turbine. Thus these wheels also were constructed five years

prior to the establishment of a reliable weir formula.

I remember to have heard it said that in the somewhat celebrated lawsuit

for compelling payment of the very large premium claimed, Mr. Boyden's
lawyers claimed 96 per cent, efficiency, and attempted to prove it by
ponderous mathematical deductions, but other evidence was put in tend-

ing to show an efficiency of about 86 per cent. , and final settlement was
made, I believe, on the basis of an efficiency about the same as that for

the Appleton turbine already mentioned.

As to high percentages obtained from other than Boyden turbines, some
of the tests in the old flume at Holyoke indicated a phenomenally high
efficiency, but if I mistake not, the conditions of approach of water to

weir was such as to warrant the use of a little margin with these figures.

These wen- measurements on which tests of efficiency always rest, if to

be certain within two per cent, or even five per cent. , is not such a simple

matter as is sometimes supposed. I have heard of phenomenally high re-

sults, which were explained by discovering that depth was measured too

near crest of weir, or again, improper shape of approaching channel or ir-

regularities of velocity of approach may readily introduce errors of two
per cent, or more, and an acquaintance who had probably had more
done than any other turbine builder of the present time in the way of ex-

periment and testing for the development of a high class turbine, once told

me that when a test on any wheel showed more than 85 per cent, he felt

as he did when twice two made five—that there was something out some-
where—and that so far he had invariably found it.

Prof. Unwin published a paper a few years since in which, as I remem-
ber it, he took the ground that 80 per cent, of useful effect was about as

much as had ever been really obtained from a turbine. In reaching this

conclusion he was influenced by some theoretical considerations of the
necessary friction losses. Had Prof. Unwin been fully conversant with
certain of the results obtained at different times and places by Mr. Francis,
Mr. Mills and Mr. Herschel, he would, I think, have been forced to raise

his figure a little.

In my ten years" connection with the water power company at Law-
rence, and in considerable professional experience with turbines elsewhere.
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I had occasion to study all sources of reliable information on these points

that were available to me, and certainly never found thoroughly reliable

evidence of an efficiency much above 85 per cent, for any kind of water

wheel. Hence my interest to learn more about the tests referred to by

Mr. Sawyer, running so much higher.

It is to be kept in mind that in all these tests these high figures are ex-

clusive of friction losses in penstock, tail race and in the gears or belts

connected to the wheel when iu use.

To return to the Boyden turbine, I think we may say almost every such

wheel built in the United States other than from the direct designs of Mr.

Boyden and Mr. Francis has been based either on main strength and guess-

work or else upon Mr. Francis' rules, and I cannot recall any thoroughly

reliable tests of such a wheel indicating that Mr. Francis' results had
since been improved upon. It is of course entirely possible there have been

such tests, and my purpose in rising in this discussion was to gain such

information, for from what I could learn heretofore, I have been in-

clined to consider that the 79.4 per cent, of the Tremont turbine plus the 'A

per cent, which would have been gainedhad a diffuser been added, maybe
fairly taken as the best efficiency thus far obtained with positive certainty

from this type of wheel. But the 88 per cent, of the Appleton should also

be kept in mind as a possibility.

Taking all the best information at hand as to results of previous tests

and as to inevitable losses from friction and eddies, if, as stated by Mr.

Sawyer, a recent test of a Boyden wheel has shown 96 per cent, efficiency

as a deduction from experimental comparison with the indicated power

of a steam engine doing the same work, then are there not the best of

grounds for feeling that some part of his experimental data or deductions

in this rather uncertain method of test must have been about 10 per cent,

in error?

BY MR. EDWARD SAWYER.

Mr. Freeman has raised some important questions which deserve fuller

discussion than time and space now permit.

The Tremont turbine was actuated by a small fall—about 13 feet—and

it should be remembered that the inevitable losses are relatively larger for

low than for high falls.

By referring to the "Lowell Hydraulic Experiments," it will be seen

that the lines of its guides and floats were made up of circular arcs,

drawn by rules which do not profess to give the best forms, but only such

approximations as can be readily followed by any mechanical draftsman.

In these forms and in some other important respects the Tremont turbine

differed considerably from Boyden's perfected practice. The principal

object, as I understand, was to formulate simple rules for designing tur-

bines as well as may be, consistently with the desired simplicity. The

undertaking was a useful one and made with the author's accustomed

skill and thoroughness ; but the test seems to me to show that the varia-

tions from the best practice were too great to allow a very good result.

There is no material saving in cost of construction—assuming equally close

adherence to the designs in both cases ; and in the light of present knowl-
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edge, I conclude that it is profitable to pay the slight additional cost of

procuring the best designs attainable.

Boyden's guides and floats had constantly changing curvatures—the

object being to introduce the water to the wheel without abrupt change

of direction or velocity—hence without shock or much pressure ; then to

steadily increase the pressure of the water on the float, to a maximum,
towards the outer part of the wheel, and from this to run down steadily

to about zero pressure again at the outlets—exhausting the water of all its

vis viva, excepting the small amount involved in carrying it away in

nearly radial directions.

The necessity of this may be illustrated by the case of a pair of geared,

wheels, with badly spaced teeth, acting together—some teeth strike hard

power-wasting blows, and others do little or nothing. Abruptly-vary-

ing water pressure acts in the same way, but with still greater waste of

power, by reason of the fluidity of the impinging masses, which allows

them to fly off, whirl around and impede other parts of the current, so

that different masses of water collide and waste their power in mutual
opposition, instead of acting together against the wheel.

Probably many turbines of this and other kinds lose largely by water
running out to waste through the annular clearance spaces between the

rims of tbe wheels and the stationary parts by which the water reaches

them. Such leaks may be caused by having the water strike the wheel
too hard, i. e., encounter too much resistance at entering, or by im-

proper construction. When these faults are avoided, there appears to be

no such loss.

The difficulty of laying out curves which will give any desired distribu-

tion of pressures throughout the lengths of the floats is caused by the fact

that all the particles of water do not describe identical paths in space

Every particle flowing on the concave wall of the bucket, i. e., of the

float, necessarily traces a path in space wholly determined by its velocity

outwards, the form of the float and the angular motion of the wheel. But
the control of the concave side over the paths of the particles not in con-

tact with it diminishes increasingly as their distances from it increase.

It is not difficult to determine the path which results from the assunrp-

ion that all the particles move alike, as is done very plainly and clearly

in the " Lowell Hydraulic Experiments." But readers are there cautioned

against undue dependence upon this, by the showing that the path so

found for the outer part of the wheel differs widely from the well-ascer-

tained facts, and the cause of the discrepancy is explained substantially

as above. The approximation is sufficient for the deductions there in

question, and the author judiciously abstains from using it in other ways
where it would be misleading.

If the mean path is known, the pressure produced upon any part of the

float can be ascertained. But the approximate path found as above dif-

fers so much from the true one that it is of little value as a basis for esti-

mating and regulating the distribution of pressures on the float ; if

unintelligently employed, the results would be worse than useless. The
desideratum is to ascertain the true mean path, and then work through it.

Boyden studied this matter, and others connected with turbine design-

ing, for several years with first-rate intelligence; immense energy and
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large expenditures in practical tests, it appears to me that he brought
his theories subsfca itially to perfection, and it is much to be regretted

that so little knowledge >f his work has been communicated to the

public.

I never before heard any intimation that the design for the Appleton
turbines, made in 1846, was one of Boyden's masterpieces; on the con-

trary, this was one of his earliest designs—probably his second one. As
to the 88 per cent, of utilization, Mr. Francis states, properly enough, that

he was responsible only for the computations ; but I am confident that he
never intended to cast the slightest suspicion on the accuracy of the data.

He was on terms of friendly intimacy with Boyden, and if there had been
anything shaky about the data, probably he would have known it, and if

so, would certainly have called attention to it in a proper way. Further

than this, I can testify from much personal knowledge, acquired later,

that I never knew a more upright, intelligent and painstaking experi-

menter than Boyden.

His study of the subject was made largely between 1846 and 1849-50,

when the Atlantic turbines were built. The experiments in testing one of

these were made in 1851, but the award of the referees, winch has been

mentioned, was several years later, long after the completion of the

principal wen experiments at Lowell in 1852.

Any adequate discussion of this case would be too long for admission

here. The referees awarded a lump sum merely, on claims for extra utiliza-

tion and several other things,

In the Appleton and other early turbines where wooden flumes were
used (for economy of first cost), the " spiral approach" was adopted, i. e.,

the water was introduced into the upper part of the flume or tub, on one

side only, so that it would gyrate and descend helically, instead of turn-

ing directly down at the entrance. This made a cheap and simple form

of inlet yet without abrupt turn of the current or great loss in turning.

The gyratory motion was expected to aid in directing the water on to the

wheel properly, but it seems practically certain that it would sweep

across the tops of the guides to a very considerable and prejudicial ex-

tent.

Cast-iron quarter turns and flumes of the best design, such as were used

in the Atlantic turbines, are much better. By a properly graduated

diminution of diameter, no eddy is allowed to form in the current passing

down around the curves, and all the water comes down to the guides in

approximately vertical directions, these guides being liigh enough to meet

the water before it begins to flow out toward the wheel ; thus the water

passes down between them smoothly, then turns gradually outward and
reaches the buckets rightly directed, but with only a minute loss of vis

viva.* The losses from collisions in entering the buckets can also be made
very small.

Assuming a medium fall of, say, .25 feet, and best conditions, the water

passes out from the wheel, nearly radially, with a velocity of about 9 feet

per second, corresponding to a fall of \\ feet, or 5 per cent, of the whole

fall. But as the outflow is on diverging lines, i. e. . with constantly dinoin-

* Guides have often been made too low, so that the water flowing outward cuts

across their tops, making large waste of power.
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isking volocity , the escaping water parts with sortie of its vis viva , and the

portion surrendered is partially utilized in reducing the back pressure on
the outlets, leaving perhaps 4 or 4J per cent, going to loss. If there is a

diffuse] , about 3 percent, more of the whole vis viva is utilized; and the

water passes out with a velocity of less than 3 feet per second, correspond-

ing to a fall of about \ foot, or one-half per cent, of the whole fall, in the

case assumed. This indicates that not over 1 per cent, is used up by fric-

tion, cross-currents, etc. , in the diffuser.

There seems to be no good reason to doubt that all the losses outside of

the wheel can be kept within the narrow limits here indicated. The
losses in the wheel may easily vary from small to very large per-

centages, according to the fitness or unfitness of the lines of the buckets.

With the best forms, I believe it is practicable to approximate closely,

so far as disappearance of vis viva is concerned, toward the conditions

of flow through good-shaped stationary chutes giving currents of like

dimensions. The friction on the Avails is more injurious in the case of the

moving chute; it not only uses up vis viva, but uses it in dragging back-

wards on the wheel. Aside from this, the cases are much alike ; im-

proper forms will produce whirls, collisions and waste of power in either.

The introduction of the element of motion of the chute, under transfer

of vis viva, complicates the investigation, but does it make any radical

difference between the two cases ? A stream of water can be deflected by
a stationary obstacle, with inconsiderable loss, aside from surface friction;

pressure is produced, but motion not being permitted, the stream retains

its vis viva and changes its direction. Ii the solid obstacle is allowed to

move, vis viva is transferred to it from the stream, and the latter shows it

by loss of velocity. Is there any inherent impossibility of carrying on
this transfer without loss ? Is it anything but a question of knowing how
to make the proper co-ordinations of forms and motion ?

The frictional resistances to the motion of the running parts, i. e., the

wheel and shaft, constitute the only considerable item of difference

between the amount ofpower communicated to the wheel and that yielded

by it. Estimating these by weighing the resistance at slow speed, they

are found to be very small when the wheels are well supported, as in the

case of the Atlantic turbine, where the weight is carried in a well-made

suspension box hung in gimbals.

The feeling that 85 or 88 per cent, is the maximum attainable is doubt-

less a very natural one, but many facts, of more or less weight, in my ex-

jjerience, point to a much higher value—in the vicinity of 95 per cent.

—

and have led me to a review of the d priori reasonings about the matter,

in the method and with the results above indicated in a general way.

BY MR. EDWARD ATKINSON, PRESIDENT OF BOSTON MANUFACTURERS'
MUTUAL FIRE INSURANCE COMPANY.

You are rash, Mr. President, in calling upon one who is neither engineer

nor mathematician to take part in this discussion. My function is to pick

your brains—I hope not your pockets—to find out all that you know, to

concentrate it, and to endeaver to induce all who intend to construct mills

or works which we are to insure to build them in the right way, under the

advice of thoroughly competent engineers. We do not attempt to make
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working plans ourselves in the insurance company of which I am presi-

dent ; all that we can undertake to do is to give sketches and suggestions

by which owners and engineers may be guided.

I have listened with the greatest interest to Mr. Sawyer's paper. One
of the mills of his construction was chcsen by me as a model to illustrate

a recent article in the Century magazine upon slow-mirning construction.

I have taken a few notes from his remarks, and will refer, in a desultory

way, to some of the points which he has presented, and I may develop

them, perhaps, a little further.

I first take note of his criticism in respect to the use of the English

language. There is no word that has been more perverted from its original

meaning than the term mcmtt-facture ; it really means to make something
by the hand—in point of fact, the further we get from the hand work
the more we apply the term mem«-facture to the ?Hfc7m/u'-fabric.

There has been a great change in our Southern land from hand work
on textile fabrics to the development of the factory. A great population

has been added to the consumers of factory-made goods by this change,
which accounts for a very considerable part of the extension of the

Southern cotton mills. We must not, however, let our imagination run away
with us in the matter of factories. The branches of manufacturing which
are centred in great buildings where many persons work under one roof, do
not yet give occupation to more than 10 per cent, of the working people of

this country. The hand and the head must be applied together in by far

the greater part of our work, where the work is to be done which cannot
be concentrated in a factory.

With respect to the construction of the factory, we have been controlled

in this country by the greater abundance of timber and the excessive cost

of iron, so that our customary factory varies greatly from that of European
countries. The form of our construction has also been to some extent

controlled by the original placing of the factories by the site of a water
power. But since water power may be said to have passed by as a
motive power, except where it has already been developed, having proved

to be a bad investment when entered upon for mere purposes of develop-

ment in almost every case ; and since steam power is being substituted

for water power, we may choose the place of the factory, therefore we
may take the work out of the crowded city or out of the narrow valley,

and spread the mills not only over a wider area of country, but over a

larger piece of ground in each instance, thus diminishing the number of

stories and broadening the mill.

I think a great many water powers may be hereafter developed to be

applied to the generation of electric power. In this way a great many
gorges may be made use of where there has heretofore been no place to

put a mill by a dam site.

The substitution of steam for water power was a subject treated many
years ago by good David Whitman, whom some of may have known,
and whom many of you have heard—the man who knew more of cotton

spinning than any one of his time, and perhaps more than almost any one

of the present day. His computation was that one could not afford to go
any distance that would cost $3 per ton of stock for transportation to the

mill and $3 per ton of goods back to the market, even if the water power
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were given him for nothing. And that computation was made when the

best work of the engine was three pounds of coal per horse power per

hour. "We are diminishing the power required in the factory and at the

same time diminishing the cost of power: this is in part due to the greater

stability which we give to the construction of our factory buildings. It is

for that reason as much as for any other, that I have so urgently advised

the construction of one-story mills. I think very little attention had been

given to the effect of vibration on the wear and tear of machinery

until Mr. Woodbury's experiments on friction and vibration in connection

with the investigation of lubricants. In a high mill it seems to me that

the connection of the posts one with another supported with small pintles

is the weakest spot, and most likely to lead to instability in the mill and

to utter destruction in case any part of the mill is broken down by fire.

I have long thought that a way would be invented by means of which
the posts could be brought against each other and bound together verti-

cally, while the floor beams might be laid against the posts, and held up
in such a way as to roll off from their bearings in case of a break, just as

they are laid to roll out from the side walls, without any strain.

(In coanectiou with this report of my remai'ks which I have been

asked by the President to make, I will present two studies in the substi-

tution of other methods for connecting the posts and floor beams than

those in common use, in which the pintle is done away with.)

The danger of laying the top floor so close as to strain the walls by ex-

pansion of kiln-dried top floor has often been considered and guarded

against. I am somewhat surprised by the statement made by Mr. Saw-
yer in regard to planks shrinking lengthwise so much as to tip the posts •

Such a case has not come under my observation in a way to attract my
attention. I have been in consultation with our Mr. Buck for the last

month, in devising some method of adjusting posts by other devices in

place of the pintles.

Mr. Sawyer has referred to the urgency with which we have pressed

the construction of the one-story mill, although he does not name myself

or my associates. The first of the large mills constructed in this way
was not consistent with the plans that we advised, and it gave the one- •

story mill something of a black eye. Later many such mills have been
built. In one instance, where the machinery is very heavy, the Ply-

mouth Cordage Company, after the fire had destroyed a very substantial

four-story mill which was not very old, being one of two of like kind, I

suggested to the treasurer to construct a mill one story high, and to oper-

ate his machinery with ropes. But I also advised him not to take my
advice, rather to get the best advice from the best consulting engineers he

could find. He then consulted Mr. Leavitt, and employed Messrs. Lock-

wood & Green ; the plan was carried out in spite of the warning which I

also gave him that the one-story mill would bankrupt the second spinning

mill which had not been burned, and would render it necessary for him
to take it down and reconstruct it on the one-story principle. The second
of the two spinning mills, which was of the ordinary model of solid con-

struction, has been taken down, and the machinery has been placed in an
extension of the one-story structure. The reasons which lead to this form
of mill-building being adopted affect especially weaving and heavy work



536 ASSOCIATION OF ENGINEERING SOCIETIES.

which is subject to great vibration. Where the parties think it more
judicious to build higher mills we, on the whole, give the preference to a
two-story mill constructed of timber and glass, very heavily framed, as

compared to brick and stone, foundations being carried to the lower
window-sills.

When buildings are from necessity or choice built higher than two"
stories, we think four stories the best, with separate fire-proof belt cham-
bers and fire-proof stairways, and with few or no belt-holes in the floors.

This is the latest model carried out by the Amoskeag Company, and in

some of the later mills in Fall River and in New Bedford.

The English fire-proof mill is a very much more costly structure than
ours, and is probably no better, if as good, for the work. The cost of our
slow-burning mills is much less than that of the average fire-proof mills

abroad. Iron being very treacherous when exposed to heat, the combus-
tion of the contents of the factories will often tear the fire-proof mill to

pieces, although it may not be burned.

In England, the spinning of fine yarns has been brought to so close a

margin as to control the construction of the mill. The modern spinning

mill is 126 feet wide inside, which gives just the clear width required for

the mule of 1,200 spindles to be operated by one man and a boy; anything
beyond that would not be worked profitably; anything less than that

would not occupy a man's full time.

In these mills the walls are very thick and the windows are very wide,

about 6 feet of window to 4 feet 4 inches of wall in each bay of 10 feet 4

inches, the lights being carried flush with the ceiling above.

There is yet a great margin for the work of the engineer. There is one

problem to which I wish to call your attention. I brought it before the

cotton manufacturers many years ago ; to wit, the preparation of the air

in summer as well as in winter. It is a singular fact that by a process of

natural selection—probably without knowledge of the reason why—there

are not now many cotton spindles in Manchester, England, where the art

was first established. Many of the old mills are dismantled, and nearly all

the spinning mills are now along the crest of a ridge about 800 feet above

the sea level at the edge of the moors which stretch away to Scotland. At
that point the humidity brought in by the Gulf Stream is condensed, and
while the rainfall is little more than one-half of that of New England

the humidity is constant and very even. It is upon that that the work
depends.

Many years since I suggested the preparation of the air, which serves

only as an instrument for carrying moisture, prior to its introduction into

the slasher of the cotton mill, by passing it over ice so as to cool and dry

it, and thus put it into condition to take up a great volume of moisture

without being heated above 120 degrees Fahrenheit. If the cotton or

woolen fibre is subjected to a heat above 120 degrees Fahrenheit, it is apt

to become brittle. I also ventured to suggest taking the air for the'spin-

ning rooms from the outer end of the tail-race, especially in the dog-days,

so as to bring into the nrll the air which had gone down with the cold

water, washed and reduced in its humidity to the point of temperature at

which it may be found in the wheel-pit. An experiment in this direction

is just now being made for the first time within my knowledge. Some-
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thing corresponding to this was adopted by our, Mr. Wm. B. Whiting

many years ago, when he was a nianufacturing agent in the mill of which

he had charge, with good results. But we are very near the point where

we can make the cotton mill a sanitarium ! The ammonia method of re-

ducing the temperature of the summer air below the freezing point is now
in common practice in breweries, cold-storage houses, and meat-packing

establishments. I am investigating this subject, and have lately put a

plain question to one of the large machine shops in the West where they

make the ammonia cooling engines. I put the question in this way :

" At what price will you lay down a plant for furnishing a cotton fac-

tory 300 feet long, 100 feet wide, four stories high, 12-foot post, with a con-

stant volume of air at a uniform temperature of 70 degrees throughout the

summer months, such ah to carry the amount of moisture short of satura-

tion which air at that temperature is capable of holding in suspension."

The proposition was received as if it were entirely commonplace, and

they stated that the plant could be put down with all the fittings for

$15,000. I am now following it up to see what it would cost to operate

the machinery. I think there is a great field here, not only in the prepar-

ation of ah and cooling it in the cotton mill, but in all sorts of works, in

offices and in dwelling houses, etc., etc.

I will also venture to suggest another line of investigation to which I

have already referred incidentally, to wit : the vibration either of the

mill or of the machine as a cause of friction, and therefore of wear upon
all parts of the machinery.

Among my reminiscences is that of a woolen mill built on fire-proof

principles, in the State of New York, and therefore not requiring the serv-

ices of the underwriter in the opinion of the owners. I was assured that

the machinery came into such direct contact with the iron members of

the frame of the building that no one could rim it, and no one seemed to

know what was the matter until a Yankee superintendent was engaged.

He put in heavy timbers and freed the machinery from contact with

metal, and afterward there was no difficulty in operating it.

This example and my observation of Mr. Woodbury's experiments in

lubrication gave me the idea of incorporating hard wood blocks in the

frame of a high-speed machine, so as to cut off the contact of metals at

certain points. This is pure theory, but it woidd be easy to test it. For

instance, the spindles in a modern spinning frame run 8,000 and even

10,000 turns a minute; the vibration of the spindle rail is very perceptible

to the touch. If that rail rested on hard wood blocks, I venture to guess

there would be less vibration, less friction and less noise. I will record

my claim to this as a new and useful invention, and see if I cannot get

gome one to put it in practice at once. Since the meeting a trial has been

entered upon on which I may claim a patent.

While revising my remarks given at the meeting for publication, I may
venture to treat a little more fully one very important subject to which
reference was made, to wit: the weakness of the common arrangement of

caps, pintles and base plates in the arrangement of the columns of a mill.

We observe to our cost that nearly all existing arrangements for the ad-

justment of posts one above another are faulty, for the reason that if a single

column k l>roken, as iron columns are apt to break under fire and water.
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or if a wooden column is burned, or ii' a part, of the floor falls, the key to

the whole structure appears to be destroyed or endangered. The strain upon
other columns by the removal of a port of the beams, leaving the slender

pintles unsupported at the side, weakens the whole structure and is very
apt to be the cause of great damage to or of complete destruction of the
mill building.

I now venture to submit a crude study of the adjustment of posts each
to the other in two different ways. In this adjustment I have tried to

keep all the contingencies in mind.

This is a mere suggestion. It is held by some mill constructors that the present
base, cap and pintle constitute a better mode of construct on than any saddle that
can be made, and that no change in modern practice is called for.
It is also field by others that when floors or beams are so injured by Are as to en-

danger the posts, it would be better that all should fall together.

The head of the lower post is carried above the level of the floor, so

as to lift the base of the next post free of the wash water. The floor

beams rest in an iron saddle, which, in one diagram, is braced at the

sides ; in the other, probably the better method, it is braced by an iron

bar carried over the top of the saddle between the ends of the posts, and
cut into the end of each floor timber, if single timbers are uted, or be-

tween the two pieces, if the beams are in two parts. This saddle, being

made a half inch wider than either post, will have a slot cut at each side,

through which slot a vertical strap of iron is to be carried, which is to be
bolted to the two posts.

A dog may be introduced in tire saddle by turning up a part of the end,

or in any other way, so as to catch on the under side of the timber where
it rests upon the saddle. Underneath the stirrup, which is exposed upon
the under side of the floor beam which rests therein, a two-inch plank

may be fastened to protect the iron from the heat of a fire, or additional

strength may be given by placing a hackmatack knee under the stirrup,

so as to strengthen as well as to protect it from heat.

The end of the floor timber cannot well be rounded, as it may be where
the end of the timber enters a brick wall

; yet I think this construction;,
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braced as it would be m every way, would stand, even if the floor on

either side of it were burned away, or if the next post was destroyed.

I submit these, diagrams merely as studies, subject to criticism and

suggestion, and shall presently have all the stresses computed.

I think a good deal of work has yet to be done in the application of

hackmatack knees to the support of floors. They have several times been

introduced into high and narrow mills at our suggestion, in order to

stiffen them, but have not yet been used to any great extent in original

construction , except in one-story factories.

BY MR. C. J. H, WOODBURY, SECOND VICE-PRESIDENT BOSTON MANUFACT-
URERS' MUTUAL FIRE INS. CO.

The New England mill is one of the most complete works of engineer-

ing, as far as the fitness of means to ends with an economy of material

is concerned, and its radical difference from all other buildings is that of

fhe floor, constructed by laying thick plank upon heavy timber beams.

This floor conforms to conditions of stability, facility for placing ma-
-chinery and shafting as maybe desired, diminution of vibration, and great

resistance to fire. I have never known a mill plank floor, if without open-

ings for belts or stairways, to be burned through by a fire in the contents

of the room below.

In contrast with this, the present type of English fire-proof mill, so-

called, cost very nearly twice as much per square foot of floor as the

American mill, and this floor, constructed of iron and concrete, weighs

over one hundred pounds to the square foot, or four times as much as that

of the corresponding American mill.

The present use of iron columns, in English mills, rendered necessary

perhaps by the great weight of the structure, is in no wise different from

what has already yielded in many fires of the contents of a v room in

American buildings.

In connection with the use of timber, it is necessaiy to take great

precaution in avoiding diy rot by providing means for the circulation of

air around the timber. Wherever it is necessary to place floors a short

•distance above the earth means should be adopted for ventilation by
placing apertures through the foundation of the mill, and also connecting

such spaces to the picker room or some place requiring a current of air in

order to force a circulation underneath the building.

In the construction of columns it is desirable that the base of the column
should be above the floor, and instead of the usual manner of placing it

in a cup, to place it upon a flat pedestal, holding it in its position by
means of a projection which fits in a hole bored along the axis of the

column, and in this manner preventing an accumulation of dampness
which is inevitable in many cases where the column rests in a cup.

Another defect of construction, occurring in storehouses more fre-

quently than in mills, is placing wooden bolsters over the columns, in-

stead of iron caps and pintles. The transverse contraction of these large

beams in the process of seasoning varies from three-eighths of an inch to

double that amount, and therefore throws the floors of the building out

of level to that measure, and the error is a cumulative one from story to

story. There is also a liability of compression of the beams when sup-
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ported directly on columns, as the experiments for the Factory Mutual In-

surance companies on the testing machine in the United States Arsenal,
at Watertown. showed tha,t the resistance of timber to transverse com-
pression was about one-third of its resistance to longitudinal compression,
and therefore the cap on the top of a wooden column should spread out
to sustain au area of timber three times that of the end of the column.
The improvements in mill construction nearly all originate among the

cotton mills, owing to the close competition and the fact that cotton man-
ufacture is largely mechanical, a larger proportion of the cost of the fin-

ished product being labor than is the case in either woolen or paper mills.

In the latter a large proportion of the success of the manufacture depends
upon the degree to which the designs please the public fancy, and also

the amount of blending in the selection of the stock so that it gives the

best appearance possible for the cost of material.

It is especially true of paper mills that comparatively little attention is

given to the separation of the various operations of the establishment

devoted to different processes, so that at times the whole establishment

is subjected to the hazard of the more dangerous processes. Furthermore,
in such instances the storage of raw material and finished product is not

well separated from the hazard of the manufacturing portion of the estab-

lishment.

There have been great improvements in the last few years on matters

connected with the distribution of the main power in mills, and for these

improvements Americans are largely indebted to English practice. In-

stead of the belt porch, which is more or less open in free communication
to the mill, an inside tower contains the pulleys and belts, the power
being communicated to the various stories of the mill by shafting which
extends through the walls. In this manner the power is distributed

without being accompanied by forced currents of air through large

openings.

In English practice, ropes are largely used for main transmission,

but there are wide differences in respect to the methods of their use. The
angle of the grooves should be that whose tangent is the coefficient of

friction of the ropes to transverse sliding on cast iron, and yet I have

noticed that the difference in practice on the straight grooves varies from

thirty-five to seventy-five degrees, and in other instances elliptical

grooves are used, of which the angle of contact cannot be readily deter-

mined by observation. It appears to me [that rope transmission is more
generally used in the West than in New England. There are several

modifications of English methods, notably that known as the Dodge sys-

tem of arranging the ropes, and also the Walker system, in which the

grooves are placed in rings on the pulleys in such a way as to adjust

themselves to the strains in order to render the pull on each of the ropes

uniform. The opinion in England is not unanimously in favor of rope

driving. A part of the adherence to the old method of driving with an

upright shaft, distributing on each floor with bevel gears, may be due to

the fact that the belting in England did not appear to me to be so uni-

form and well stretshed as the belting used in America.

While at Geneva I saw a watch factory under construction which was
being built of iron and concrete, the motive being similar to that of the
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design of the iron mill exhibited to you this evening by Mr. Grinnell, al-

though the method of carrying out the design was far different. The ends

of the mill were of stone, and the walls of upright I-beams extending be-

tween the windows, and of concrete from the windows to the floor. The

floors were made of joists placed between tbe I-beams and the boards

covered over with cement. The iron window sashes were fixed, but a

small portion of the upper sash would swing for purposes of ventilation.

The roof of this mill was a square roof consisting of tiles resting upon a

joisted frame and inclosing a hollow, unused attic. The partitions through

the mill were made of tiles set on edges and joined together with plaster

of Paris.

There did not appear to be any controlling system of mill design in pro-

portioning and arranging a building for the specific use of manufacturing

in the manner customary in America.

BY MR. EDMUND ORINNELL, PROPRIETOR OF NEW BEDFORD IRON FOUNDRY.

Among the many changes in mill construction during the last 30 or 40

years, made necessary by the use of improved and more economical

machinery, few are more noticed by the general public than the great

contrast between the high and narrow mill built in the fifties and those

later productions of the engineer's skill as shown in the mills completed

in the last year in Fall River, Lawrence, New Bedford and elsewhere.

From a structure of six or seven stories, and only, perhaps, 60 feet in

width, with high pitched roof, has evolved the modern mill, of not exceed-

ing four stories, with flat roof, and its magnificent proportions of 350 and
over by 128 feet.

While going over one of these, complete and perfect in almost every

respect, the writer was struck by the difficulty, in so wide a mill, even

with its comparatively large windows and high studded walls, of obtain-

ing a sufficiency of light, in quite a large area in the centre of the mill.

The idea at once suggested itself of the adaptation and modification of a
method of construction long used in commercial buildings with perfectly

satisfactory results. The use of iron columns in one or two stories on the.

outside of a building, carrying the walls above, is common the world
over, and results in as near as possible an unobstructed ingress of light.

The modern mill of four stories has generally, on ten-foot bays, a brick

or stone pier of four feet between each pair of windows, leaving not over

six feet for the window and frame, or a loss of 40 per cent, in the light.

Substitute for the walls of brick and stone an iron column, cast in four

sections, to each bay, bolted to an iron plate, this in its turn bolted to the
foundation, and each section of the column bolted at top and bottom
through flanges to the section above and below it, with brick arches of

three courses of brick above and below the windows, sprung from skew-
backs on the columns.

The first-story column would be 12 inches by 20 inches, with base pro-
jecting on the face 10 inches, giving a 30-mch bearing and a cap pro-
jecting 8 inches from the face for a bearing for the column above. The
second-story column would be 12 inches by 18, with base projecting 10
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inches and cap 8 inches. The third-story column would be 12 inches by

16 inches, with cap and base projection the same. The fourth-story

column would be 12 inches by 14 inches, 10 inch projection at the base,

and with brackets or recesses at the top to secure the rafters to. This

would give an opening for window and frame of 9 feet, a loss of only 10

per cent. , and a gam of 50 per cent, over the brick or stone pier. The in-

side construction would be the same as in the ordinary mill, the beam
resting on an iron bracket cast on the back of each column and fastened

to it by bolts or lag screws, as a fixed or hinged joint was thought best.

The ends of the mill would be built in the same way, headers being run

from the next beam to the brackets on the column, and a diagonal header

to each corner column. This corner column, although actually carrying

less weight than the others, for the sake of symmetry and good propor-

tion could be made 20 inches by 20 inches, and to secure it and hold the

thrust of the adjacent arcbes, should have a wrought-iron tie-rod, say l£

inches in diameter, run from it through the brick arch to the next two
columns on each side. The natural stiffness of cast iron, combined with

the deep bearings of the columns tied to each other, and the whole by
the beams, four inch planking, floor-boards and roof, would give a struc-

ture absolutely rigid, and capable of withstanding the oscillation of the

heaviest and highest speed machinery.

In addition to the gain in light a very important gain could be made in

the time required for building an iron mill, it being easily possible, so far

as the erection of the iron work is concerned, to have a four-story build-

ing ready for the roof within four weeks from the time the foundation is

ready to receive the columns.

As regards the cost of a mill built as above, a liberal estimate compared
with the actual cost of a mill which went into operation during the early

spring, with the foundation, chimney and interior construction the same,
shows that the iron and glass mill could be built at a reduction of about
four per cent.

Any objection to the use of cast iron on account of its liability to failure

when exposed to fire, could be overcome by the use of a proper thickness

of metal or the fining of the inside of the column with concrete. The ad-
vantages of this construction are :

First—A gain of fifty per cent, additional light, which in the manufac-
ture of the^fine goods now demanded by the market is all important.
Second—Less time consumed in the putting up of the building, and

from the greatly reduced amount of masonry a comparative immunity
from the vexatious delays consequent on laying brick and stone. And
these advantages are obtained at a slight decrease in cost.

BY MB. CHARLES T. MAIN, SUPT. OF LOWER PACIFIC MILLS, LAWRENCE.

Mr. President : A s long as the discussion has taken such a wide scope,
J should like to describe in a few words the type of engine which is now
coming into use for manufacturing purposes.

It is the compound engine, but so arranged that such low-pressure
steam as may be used for various heating purposes can be taken from the
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receiver between the high and low pressure cylinders after it has passed

through the high-pressure cylinder and there doing work.

The size of the low-pressure cylinder, as compared with the high-

pressure will depend, other tilings being equal, upon the average portion

of the steam exhausted from the high-pressure cylinder which is to go
into the low-pressure cylinder. Thus, when no steam is taken from the

receiver, the proper ratio of areas of cylinders for 125 pounds boiler

pressure is about 1 to 4.

In a plain cotton mill an average of about 25 per cent, of the steam ex-

hausted from the high-pressure cylinder can be used for heating and
slashing, thus leaving 75 per cent, to go into the low-pressure cylinder.

The area of that cylinder, then, as compared with the high-pressure,

would be three to one.

As the amount of colored work increases, the amount of low-pressure

steam which can be used increases and the ratio of areas of cylinders de-

creases. This type of engine can be used to advantage when as high as

75 per cent, of the steam exhausted from the high-pressure cylinder can

be used for vaiious heating purposes. At this point the high and low

pressure cylinders would be equal in area. Beyond this point the high-

pressure non-condensing engine is the proper one to use.

As the amount of exhaust steam taken from the receiver is variable,

the pressure in the receiver would be variable with a constant cut-off in

the low-pressure cylinder. But in order to keep the pressure in the re-

ceiver constant the cut-off on the low-pressure cylinder is arranged so

that it can be changed to admit the amount of steam which is not needed

for other purposes.

The first arrangements provided for changing the cut-off by hand. The

engineer had to watch the gauge showing the pressure in receiver, and

increase the cut-off when the pressure increased, and decrease the cut-off

when the pressure diminished, the high-pressure cylinder taking care of

the work.

There are now two attachments which can be applied to the engine

which will change the cut-off in low-pressure cylinder automatically by

the pressure in the receiver.

With such an engine as described a variable amount of exhaust steam

can be used, and there is no need of admitting any live steam into the low-

pressure system of piping until the cut-off on low-pressure cylinder has

reached its minimum allowable, and there is no need of blowing off ex-

haust steam until the low-pressure cylinder has taken steam full stroke.

At the present time there are seven textile manufacturing concerns

which I know of which have engines arranged for using steam from the

receiver for various heating purposes, and the first engine of this sort

which I know of for use in a paper mill is now being erected.

BY MR. STEPHEN GREENE. OF NEWBURYPORT, MASS.

The best modern practice in mill engineering follows the true method,

namely : That of considering, first and chiefly, the necessary machinery

for producing a given product of a desired quality and arranging this in

proper order. All questions of construction of buildings must be subserv-
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lent to this idea and must conform to it. Great difficulty is experienced

in endeavoring to adhere to any set plan or arrangement, as the frequent

improvements in machinery require constant modification.

In the few moments I may take I may simply touch briefly upon one

or two problems in mill engineering. One of the somewhat difficult prob-

lems we meet in mill construction is to secure a satisfactory floor, where

no space can be allowed beneath. Our experience has taught us that the

most satisfactory results can be obtained in such cases by first laying a

concrete composed of gravel and coal tar materials, and upon this completed

surface lay plank either of hard pine or hemlock simply fitted together.

Upon these plank, which should be no less than three inches in thickness,

the top flooring may be laid and should be laid across the plank. The

cases are very numerous where floors have been laid upon concrete

and have completely failed. The cause in nearly every instance has been

due doubtless to the inserting of timbers in the concrete, to which the

planking has been nailed. This method is to be condemned, as it allows

dampness to enter, which insures a speedy destruction of the floor.

One of the interesting problems now before engineers and manufactur-

ers is the means of transmission of power. Within the last four or five

years we have adopted in quite a number of cases ropes instead of belting

for transmission. Our position at present is simply this : We do not say

that in ah cases and under all circumstances ropes are preferable to belting,

but we believe that in very many difficult problems of transmission, espe-

cially where large amounts of power are to be used, the problem is more
easily and more satisfactorily solved by the use of rope than could possibly

be done with belting.

The requisites for a successful running of the ropes we consider to be :

First -Having a proper diameter of pulleys, which should not in any
case be less than thirty times the diameter of the ropes.

Second—Having a proper form of the groove.

Third—Great care must be taken to have the grooves properly smoothed
after being turned.

Fourth—Allowing the rope to have a reasonable amount of sag.

We are very much interested in the matter of rope driving, and I have
to say that we have not yet learned of a case of failure in rope driving

where the ropes have been properly arranged and have had a fair chance.

There may be such failures, and I should be very glad to be informed of

the fact if any exists.

BY DESMOND FITZGERALD.

There has been a fire recently in the building No. 17 Kingston
street which, it seems to me, is exceedingly instructive. This building

was erected by Robert K. Snow, of Chelsea, just after the great fire. I

asked Mr. Snow to accompany me on an inspection that I made of the
building within a few days, and before the debris of the fire was removed.
The floors are solidly built of planks and boards, and were so little in-

jured as to cause me some surprise. I took some notes of the construc-
tion, and intended to give the Society an account of the details, but I

have heard that Mr. Rice was employed in a professional capacity to re-
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construct those portions of the building winch were damaged, and as he
has undoubtedly the correct data, I will call upon him for a full descrip-

tion.

BY L. FREDERICK RICE.

The floors are supported upon girders, which rest on cast-iron plates 2

inches thick, bedded in the brick party-walls and projecting therefrom

4 or 5 inches.

The girders enter the walls 4 inches. They are built up of spruce planks,

spiked together ; four 3-inch X 12-inch planks being on edge, side by side,

and one 2-inch X 12-inch plank being spiked to the bottom, thus forming
a beam 14 inches deep by 12 inches wide. The sides and bottom of each

girder are cased with | inch sheathing. The girders are spaced 7 feet

2£ inches apart, on centres. Between the ends of the girders and close

against the walls are set pieces of spruce plank 4 inches tliick, resting

upon the iron plates and spiked to the girders. These are also faced with

-|-inch sheathing.

The floors are formed of 2-inch spruce plank, square edged, without

tongues or splines, laid diagonally upon the girders, the ends being sup-

ported by the wall pieces last mentioned.

On this is laid a second flooring of -J-iuch spruce, diagonally and at

right angles to the 2-inch planks, and above this a top floor of -g-inch hard

pine, laid at right angles to the girders, or parallel to the party-walls.

On the under side of the 2-inch planks, between the girders, is a ceiling of

-|-inch matched and beaded spruce. The angles between girders and ceil-

ing are filled with a small spruce molding. The girders and ceiling are

painted.

The elevator, which is in the northerly corner of the Kingston street

front of the building, is inclosed by a stud partition, covered with -J-inch

spruce sheathing, protected on the elevator side by a facing of tin. Double

doors give access from the elevator to each story, and it is lighted by a

window in each story. Over the shaft is a 3-foot X 3-foot skylight and
ventilator.

The doors are of the ordinary paneled construction, faced with tin on

the elevator side only. The elevator is used in common by the occupants

of both this and the adjacent building, the doors of access to both being

upon the same level, but on opposite sides of the shaft.

The stair from the fourth to the fifth stories has a stud partition at each

end of the well, projecting 6 or 7 feet from the wall, but is open towar-d

the lofts. In the third story the stair well is entirely inclosed and has a

door at the foot of the stair leading upward. The stair-well opening in

the fifth floor is about 6 feet X 14 feet.

The partitions inclosing the stair well, and the wall at the back, are

sheathed with -|-inch spruce, the latter being nailed upon horizontal

furrings | inches thick. The stair is against the northerly wall, and about

midway between front and rear of the building.

The walls of the fourth and fifth stories, except in the stair well, are

not covered—the bricks are bare.
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The roof was carried upon girders, resting upon iron plates and built

into walls, in the manner before described, but spaced about 4

feet 9 inches on centres. The roof girders were each built un of three

3-inch X 12-inch spruce plank, laid on edge, side by side, and spiked to-

gether.

On these was laid a roof of 2-inch spruce plank, not matched or splined,.

of rafted lumber, with pin holes not plugged. These plank were laid

diagonally, the ends being supported by short pieces cut in between the

girders and against the walls, as before described for the floors.

Upon the 2-inch plank was laid |-incb spruce, parallel to the party-

walls, and this covered with a tar and gravel roof. The roof sloped

toward both front and rear walls, with an inclination of about one-half

inch per foot. The under side of the roof planks, and the surface of the

girders were not sheathed.

At some time the floors of this building have been loaded to such an
extent as to cause a permanent deflection of the girders—in some cases as

much as 2$ incbes—in consequence of which the Building Inspectors'

Department of the city notified the owners that the floors must be

strengthened.

The writer was consulted by the owners as to the best method of

strengthening, and visited and inspected the building on August 29.

In the fourth and fifth stories, which were used for storage only, goods

were piled against the walls to the height of 6 feet to 8 feet, mostly in

packing cases, but some woolen underclothing and goods tightly baled

had no cases or were open. Both floors were closely piled with goods,

with only narrow passages between. The door at the foot of the stair

from third to fourth stories was habitually kept locked, access to the

fourth and fifth stories being had by means of the elevator.

On Saturday, August 31, between 4 and 5 o'clock p.m., when most of

the occupants had left the building, an employe had occasion to go from
the basement to the fourth story, using the elevator. Upon opening the

doors, he (as reported) saw before him amass of flame, and startled by the

sight, reversed the elevator, and proceeded to the lower stories to give the

alarm, leaving the doors open. It is further stated that the alarm was
given by this man almost simultaneously with that of the automatic fire

indicators, with which the ceiling of each story was equipped.

By the fire, which started in the front end of the fourth story, just back
of the elevator, the elevator doors of that story, left open by the man who
discovered the fire, were burned and destroyed. The light wooden gate,

by which the door on the opposite side of the shaft was protected, was
burned, but the doors on that side were closed, and no fire entered the

other building, nor were the doors in any way injured.

The flames through this open doorway, burned the upper sash of the

adjacent window in the shaft, but only scorched the lower sash. No flame

passed up the elevator shaft. The sash of the window of the shaft in the

fifth story is not scorched and the doors of that story, which remained
closed, are uninjured upon the elevator side. The fire, from the point of

beginning, spread along the surface of the sheathing of the elevator shaft

and ceiling to the front windows, destroying them, and through them the

sandstone facing of the building from thence to the cornice.
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It also ran back to the stairway and continued along the ceiling until

reaching the rear wall.

It passed up the open stairway upon the partition and wall sheathing,

but without burning the stairs or hand rails seriously, and continued
until reaching the roof, along which it spread to front and rear. The fire

did vot Urealc Hi rough either roof or floors, but burned the roof and its

girders so much upon the under side (unsheathed, as before stated), as to

make a new roof necessary.

No floor timber was injured by fire, and not more than half a dozen
are even scorched. Theplinks of the fifth floor are untouched by fire,

except for about 15 feet back from the front wall, and none are so injured

as to require removal. Neither of the top floors of hard pine was burned
at all, nor did any fire pass below the fourth story of the building.

The fire may be said to have been confined to the sheathing of the
ceiling and partitions, the under surface of the roof and the packing
cases.

The elevator doors in fifth story are only charred on their unprotected

side. Even in the stairway the sheatliing was not burned through. The
furring is as bright as when first put in, and new sheathing has been laid

upon it. The entire exposed surface of the woodwork of both stories was
doubtless a sheet of flame, and was left a sheet of charcoal from one-fourth

inch to one-half inch thick. Most of the packing cases were so little

damaged that they were used to remove the damaged goods in.

The fire was doubtless rapid in its progress and intense in its heat, and
the firemen deserve credit for stopping it where they did. Mention has been

made of the fact that, "being apprehensive that the floors would be over-

loaded by the many tons of water thrown into the fifth story,"' the firemen

cut holes through with their axes, to let the water off.

The holes thus cut were three in number, all of them in the fifth floor,

and each being of about six or eight square inches in area. Two or three

others were begun, but the plank were not penetrated.

One of the holes was about 5 feet from the elevator. The second was
about 5 feel forward, and the third about 12 feet in rear of the open stair well,

of G feet X 14 feet area. After considering the size and location of these

holes, their efficacy in relieving the floor from the dangerous accmnula-

tion of water may be questioned. The 2 or 3 inches sag in the floor

girders would account for the accumulation of water to that depth, and
this may have been slightly increased by loose garments falling upon the

floor in the narrow passages, and damming the water back from the stair-

way; but the limited area of these passages makes it improbable that there

was any dangerous accumulation of water.

The case, as above described, stands as a monument to the efficiency of

this method of construction in reducing the loss by fire, and the indorse-

ment is strengthened by the probability—almost certainty—that if the

system had not been departed from by omiting to inclose the stairway in

the fourth story, the fire would have been confined to that story, where it

originated, and the damage to the building and to the goods stored in the

fourth and fifth stories reduced by more than one-half.

The cost of repairing the damage to the building, caused by this fire, was
about $5,000.
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BY JOHN R. FREEMAN.

Prudence in Pillar Design.

Among the interesting points brought out by Mr. Sawyer's paper on

mill engineering is one which may well serve as a text for more extended

comment, and to which the attention of some engineers and architects

should be forcibly directed.

I refer now to his illustrations of the fact that by the seasoning of tim-

ber in an extended floor a distortion is liable to occur, and often does occur,

which may draw certain of the pillars out of the perpendicular slightly,

but yet enough to materially change the condition of the application of

the load, and to force the bearings at the ends of pillar out of the con-

dition of evenly distributed contact into the condition of contact all near

one sid?.

I have myself seen numerous instances where this lias actually hap-

pened, and where unquestionably the load was all applied to one side of

the centre. Not only have I seen this uneven bearing caused by the end-

wise shrinkage of long stretches of plank flooring in factories, but also in

a few instances by the twisting of heavy cross-grained timbers to which
the pillar cap was bolted, and also by unequal settlement of the opposite

side walls of a mill.

This very week I saw such a case of settlement at a factory in New York
State, where almost every one of the cast-iron pillars had been put into

the condition shown in Fig. 1.

There is a popular misapprehension even among designers and engi-

neers as to just what the condition known as "square ends" means in pil-

lar design.

Many of the convenient and excellent pocket memorandum books for

builders published by rolling mills, etc., have overlooked or disregarded

the prudent suggestions published 25 years ago by that eminently prac-

tical engineer, James B. Francis, in his valuable treatise on " The Strength

of Cast-Iron Pillars," that •When the designer has no control over the

execution of the work or guaranty that his ah ections will be minutely

followed" or however well the ends may be finished, providing the weight

is very unequally distributed over their surfaces, or if unequal settle-

ments may be apprehended, then the only safe course ivill be to consider

the pillars us with rounded ends, and in the practical tables presented by
Mr. Francis the computations were all made on this hypothesis of rounded
ends.

On the contrary, some of these handy rolling mill tables of strength of

pillars imply that if only the ends be accurately finished in a, lathe, then

we may take the strength to be as for the theoretically " fixed end," or

three times as great as per the more prudent tables of Mr. Francis.

Hodgkinson's experiments indicated that the uneven distribution of the

load on a square ended pillar might make a pillar even much weaker than

if it had rounded ends. Thus in a pillar which had load applied at a
point on cne end of the pillar halfway between the centre and the side

(somewhat like C, Fig. 2), the strength was but about half as great as for

the same size of pillar with rounded ends.
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The general result of the swaying of a pillar from the perpendicular by

shrinkage, or by unequal settlement, is to put the pillar in the

condition shown in Fig. 1. And for this the strength indicated

by Hodgkinsoivs results was the same as for a pillar with
rounded ends.

A point which ought to be emphasized in the text books and
in the handy pocket reference books is that, no matter how
nicely its ends be finished, a .square-end pillar is weaker than
a round-end pillar whenever the application of the load

becomes unsymmetrical.

Even the valuable tests of full size cast-iron pillars made re-

cently at the Watertown Arsenal are liable to be misinterpreted by a

person not trained to see this whole subject clearly.

The marvelously rigid and parallel platforms of this magnificent ma-
chine fulfill very well the theoretical conditions of "fixed ends," or

"squareends," and thus develop a maximum of strength in the pillar tested.

It is a matter of regret that we have as yet no tests on full size cast-iron

mill pillars made under the conditions similar to those into which pillars

are liable to be thrown by shrinkages, unequal settlements or unsym-
metrical loads, and that the tests on Hodgkinson's small models should
have had to serve for fifty years as almost the sole accessible data.

These conditions could be readily reproduced as roughly illustrated at

A, B and C, Fig. 2. For A the test should be

made not only with angle of inclination so

great that rapture would occur prior to the

full seating of end due to the gradual bending

of pillar, but also with inclination of, say, -^

inch per foot, also, \ and J inch per foot, and
for C the point of application should be varied

to several positions intermediate between cen-

tre and side.

Until these much needed tests are made let

us urge that the prudent tables of Mr. Francis

be followed, rather than the less complete

tables referred to above, which imply the imposition of three times as

great a load upon a pillar of the same size.

A word of caution may also here be added against the custom of casting

the cap or bearing for the floor beams in one piece with the pillar. These

brackets extending out for a foot each side from over the outside of pillar

give just so much more hold for an unsymmetiical load to get in its work
of producing an injurious bending moment in the pillar, and thus tend

to greatly "weaken it under certain conditions, which are not at all un-

likely to occur.

The designers of such pillars probably consider that this greater breadth

of bearing gives increased fixedness to the end, and thus greater strength.

Tested with fair bearings on the Watertown machine, such pillars would
show up admirably, but tried in practice by an unsymmetiical load, the

effect might be fatally different.

While we are on this subject of strength of pillars, it appears worth
while to present the following experiments on wooden pillars, as they have
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considerable value as data, and to some extent serve to supplement

the extended series of tests on full size oak and pine pillars made by Pro-

fessor Lanza, but with the understanding that they bear only somewhat
remotely upon the matter I have just been urging.

Some Tests of Full Size Wood Pillars.

I had, a year ago, an opportunity of testing some cylindrical wooden
pillars which had all the time, for about 50 or 60 years, been heavily

loaded by the floors of a cotton mill, the old Indian Head mill of the Jack-

son Company, at Nashua, N. H. (A careful estimate showed load on each

of these pillars to be 36,000 pounds, or between one-fourth and one-fifth

of the crushing strength subsequently shown by the tests.)

Called upon ts examine and report as to the strength of this building,

I found certain pillars quite heavily loaded. The manager of the mills,

Mr. Cadwell, removed these pillars and replaced them by stronger ones,

and offered me the old ones for test, and through the kindness of Mr.

Frederic Amory, treasurer of the Jackson Company, at whose expense the

tests were made, the results in the following table are presented.

The pillars were of an excellent quality of fine-grained spruce. It is

probable, from their appearance, that they were turned down from logs

not very much larger than the pillars, and the centre of the tree came
pretty near to centre of the pillar, and, as may be inferred from the years

they had stood in the mill, they were thoroughly seasoned.

By weighing several of the pillars, their average weight per cubic foot

was found to be 29^ pounds. The proportion of knots and the size of the

knots were not materially different from the ordinary run of good spruce

logs of 10 or 12 inches diameter.

The tests were made on the Government testing machine at the Water-

town Arsenal. I was present during all of the tests. The top ends of

pillars during the test rested on the same cast-iron caps which had held

the pillars when in use; the ring, which thus inclosed about \ inch in

depth of the pillar in the almost universal manner of practical use, was
found to aid materially in preventing splitting of pillar at the very top

when under load.

The tests with inclined bearings were made by taking one of these same
cast-iron caps and also a base plate, and planing the back off on a slope of

\ inch to the foot, or 1 in 24.

The annexed table gives the principal results of the test

:

1. It will be noted that the first three pillars, Nos. 16, 9 and 8, were

tested with load uniformly distributed over both ends in the ordinary

manner of tests. In other words, ends were square and bearings were

rigidly kept perpendicular to axis of pillar.

Average crushing strength per square inch, 5,071 pounds.

(This, be it remembered, was for well-seasoned spruce of excellent

quality.)

2. For pillars 2 B and 11 B the bottom ond had a full bearing rigidly

held perpendicular to axis of pillar, but the cap on top of pillar was inclined

at an angle greater than is likely to occur in practice. The cup in this cap

acted so effectually to bind the end of pillar and prevent its splitting or

splintering by reason of the uneven bearing, that the pillar suffered no
impairment of strength.
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Of course, had there been no such binding of top, the top end of pillar

would have splintered, the same as the bottom did in the last three

experiments. And thus these experiments illustrate the great valueof con-

fining ends of wooden pillars by hoops or cups for all situations where

bearing of load is liable to be oblique. The experiments illustrate that a

cup or ring is much better than a central horn or lug for holding the base

of a pillar, and that the base as well as the top should be so confined. To
prevent collection of moisture, the cup in base plal e can readily be drained.

Indeed, the ring need not be continuous, but may have half a dozen gaps

in its circumference, each half an inch wide, as illustrated in the follow-

ing sketch. These gaps also serve a most useful purpose in permitting an
inspection of the accuracy with which the fitting at time of erection is

accomplished.

Even though shrinkage of wood makes the ring hug loosely, yet it

would serve satisfactory to check the splitting or " brooming up" of end

in its incipiency, and, as I now recall it, did so serve in one of the experi-

ments. The sketch illustrates a base plate, but the same notched ring can

of course be applied to the top of a pintle.

3. By the last three experiments in the table it is seen that the excess-

ively inclined bearing at bottom of pillar caused the wood to splinter in

taking a fuller bearing, so as to induce cracks, which prevented the pillar

from sustaining'much more than half as much as for a full square bear-

ing. A less oblique angle woidd of course have shown a greater

strength.

4. In experiments on pillars No. 7 and No. 1, it is seen that, as the pillar

bent transversely, this tended to give it a full bearing and thus did not induce

the degree of splintering noted in the last three experiments. It is seen

that this bending moment, produced by the inclination of bearings to an

extent greater than is liable to occur with anything but extreme rarity in

practice, weakens the pillar about 30 per cent.

5. It is to be kept in mind that the injurious effect of inclined bearings

upon pillars of cast iron would be much more severe than for wooden

pillars, since the wood, being softer, may yield considerably, and thus

tend to give a fairer bearing.

To test the effect of inclined bearings was not the main object of this

particular set of experiments; but it was thought worth while to try e.

few such experiments in connection with the others, as the means were at

hand.
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NOTES ON CIVIL ENGINEERING IN ENGLAND.

Br Wm. H. Seari.es, Member of Civil Engineers' Club of Cleveland.

[Read Sept. 10, 1889.]

Liverpool, the grand gateway of the United Kingdom for the commerce

and travel of America, greets its trans-Atlantic visitors at once by a mag-

nificent display of engineering works. Its entire water front for a dis-

tance of nearly six miles is composed of a succession of massive masonry

walls, articulated at intervals with heavy tidal gates, and inclosing broad

basins or docks of sufficient area to accommodate easily all the world-

wide snipping of the port.

The necessity for such docks arises from the great fluctuation of the

tide in the Mersey, amounting to no less than 30 feet, and making it im-

possible for a ship to unload conveniently at an ordinary pier. The level

of the water in some of the basins is kept at about half tide, in others at

high tide, and the gates for entrance or exit of vessels are only opened

when the water on the outside is at the same level as within.

The warrant for such expensive constructions is found in the enormous
commerce of the place, a commerce which has rapidly increased during

the present century, and which has by no means attained its limit as yet.

These works exhibit the same qualities that characterize the engineering

structures everywhere in England, massiveness, solidity, strength and
permanence. They show a comparative disregard of first cost in the aim
to make them economical of maintenance for all time to come.
The Alexandra Dock is of recent construction. It has a water area of

34 acres and can accommodate 22 Atlantic steamships at once, for which
trade it was specially designed. The Langton Graving Docks adjoining

are of double length, with middle gates. The powerful pumping engines

of these docks are housed in a handsome and imposing building.

The Canada Dock accommodates the timber business, and has a large

shipping yard connecting with the railways.

The Waterloo Dock is provided with large grain warehouses, the floors

of which aggregate 12 acres, with a total capacity of 57,000 tons of grain,

or over 2,000,000 bushels, The buildings are of stone, thoroughly fire-

proof, and provided with ample elevators, carriers, screens, scales, etc. All

the machinery is worked by hydraulic power under a pressure of 700

pounds per square inch.

The Herculanewn Dock, at the south end of the city, has, in addition to

its large water space and three graving docks, a storage capacity for

60,000 barrels of petroleum in '•' casemates " tunneled into the rock and
closed in front with walls of Portland cement concrete. Each casemate
is capable of containing in bulk all the oil stored in it in barrels, should

the latter burst in case of fire.

Liverpool was the first city in England to construct docks, the first

dock having been built about 1712 ; but many other maritime cities of

England have since been obliged to follow her example. At Birkenhead.
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on the opposite bank of the Mersey, are several notable docks and basin-,

the largest <>t which is called il The Great Float.''

A good foundation of either gravel or rock is found at a convenient

depth and many of the Avails are of concrete, with granite copings.

The Birkendead docks have cost 830,000,000, and the Liverpool docks

several times as much. Liverpool has now 54 docks and basins, covering

260 acres and giving nearly 19 miles of quay space.

The Mersey Tunnel is of recent construction, having been opened Jan.

13, 1885. It connects Livei'pool and Birkenhead through sandstone rock

under the river, which is three-quarters of a mile wide between the bulk-

heads on this line. The rock cover is 30 to 35 feet. The lowest rail level

is 145 feet below mean high water. The grades are steep, 3.7 feet per 100.

It is provided with two lines of rails, and is used at present for local traffic

only, having about 300 trains a day. The largest number of passengers car-

ried in one day is 52,000. The present terminus is at James street station,

but the tunnel is to be continued another half mile to a central station,

and will then be used by the Cheshire Railway to gain access to the heart

of Liverpool. The tunnel has headings for both drainage and ventilation.

The drainage headings extend to shafts on either side of the river, and
the water is raised by pumps 170 feet. The ventilation gallery is parallel

to the tunnel, and is connected with it by frequent openings which can be

closed at pleasure.

Coal-burning locomotives of 70 ton-; each drag the trains, and it is cus-

tomary to close the doors and windows of the carnages to keep out the

gases during the trip. The tunnel is in darkness, but every compartment
in the train has a lighted Pintsch lamp. The trip occupies about five min-

utes between the shafts on either side. In the shafts are placed hydraulic

elevators capable of holding 100 passengers each, and making the lift of

100 feet in 40 seconds. At the foot of the shafts the tunnel is enlarged to

give room for station platforms 400 feet long. The rock is self-support-

ing, but has been lined throughout with blue Staffordshire brick laid in

cement, to prevent percolation of water.

The engineers in chief are Sir Douglas Fox and Sir James Brunlees, as-

sisted by Mr. Francis Fox, who has special charge of the pumping and
ventilating systems.

The cost of the tunnel was not ascertained, but it has not been able to

earn dividends in its incomplete condition.

The Manchester Ship Canal is by far the most important and interest-

ing piece of engineering work in progress in England at the present time.

Manchester lies 30 miles from Liverpool, in an air line a little north of

east. The canal is 35 miles long, following the valley to the tidal lock at

Eastham, on the Mersey, 5 miles south of Liverpool. The canal has four

lift-locks, one of 15 feet lift, the othess of 13.5 feet. The lower level,

is 20 miles long. Each lock is to have three chambers side by side, the

two largest being capable of taking large ocean steamers. The section of

the canal gives 26 feet of water over a minimum bottom width of 120 feet,

allowing the largest ships to pass each other at any point. The last 3^

miles near Manchester has a bottom width of 170 feet. All earth slopes

within the canal prism will be protected with slope-walls 3 feet thick.
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Immense basins or clocks are constructing at Manchester, covering 152

acres and affording a quay frontage of 5J miles. These basins have a

uniform depth of water of 26 feet. They are lined with retaining walls

of mass concrete on a natural rock foundation. The walls are 26 feet high,

10 feet wide on top and 17. feet at the bottom. The face slope is 1 to 16.

The concrete for the body of the wall is of one part Portland cement to

seven parts of a natural ballast, found in Ihe canal excavations. The
ballast is washed by a jet of water to remove earthy matter, and mixed by
hand shovels, turning over the concrete five times. Hand size stone are

thrown into the mass after it is placed in the wall. The concrete for the

face is mixed one to four, but without stone. The face plank being

raised regularly by uniform stages gives the face the appearance of ashlar

work. The earth is thoroughly rammed for a space of 10 feet back of the

wall. The wall has a coping of granite finely finished for a rubbing

course, and on this is built a wall eight feet high, faced with blue Staf-

fordshire brick and coped with handsomely dressed Cornwall granite,

with rounded corners. The mooring rings are countersunk in the face of

the coping, so that ships' cables may slip over them, and are elaborately

anchored with branching rods, built into the masonry.

Many of the concrete walls are built in trenches dug to the foundation

(85 feet deep), leaving the excavation for the basin to be made at a later

-date. The basins adjoin an old baronial estate, and the work was much
•embarrassed for a time by the refusal of the late owner, Sir Humphrey
de Trafford, to give the necessary right of way on any terms whatever.

But upon his death the son, finding money more desirable than land, sold

all that was required on condition that the company build a high

6tone masonry wall on the property line. The wall is completed in ad-

vance of the canal works, and safely incloses a few sheep and cattle.

While the canal follows the valleys of the Mersey and the Irwell it

quite ignores those rivers, crossing and recrossing their innumerable

windings with its direct or gently curving course. Moreover, as the

canal is to be far deeper than the rivers, they will be obliterated on the

completion of the canal for twenty miles from Manchester, the canal re-

ceiving all the water and the unused loops of the rivers being filled with

waste excavation. At present the water flows in the old channel, the

excavation being made in disconnected pits, so as not to cut the river

banks. To keep these pits dry requires the pumping of 6,000,000 gallons

of water daily.

Near Warrington there is a cut three miles long and from 50 to 60 feet

deep, largely in red sandstone. The stone is not blasted, but quarried

regularly, so that it may be used for masonry and paving elsewhere on the

line of the canal. By this cut the line of canal is straightened, and the

valuable town property in Warrington on the Mersey is avoided. A basin

or branch canal leading to Warrington is provided for. Several railways

cross the canal over this deep cut.

The entire canal was let in a single contract, and although the work is

divided into eight sections for convenience of reference and estimate, it

is not sublet, being more easily worked in its entirety by interchange of

material from one section to another.

As a preliminary to the canal a railroad was built for the entire distance
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by the contractor at his own expense, with numerous sidings, the total

mileage of track being over 200 miles. On this road he has placed 4,000

cars dumping from the side, 1,500 cars dumping from the ends, and 1,000

others of different patterns, including one handsome parlor coach for the

use of the directors and visitors. There are about 150 locomo-
tives. The busy steam shovels along the line number over 80, and there are

as many steam cranes, and nearly 200 pumping and other engines. The
human force numbers about 12,000 men. To properly provide for the wel-

fare of so many people the contractor has erected three hospitals, where
sick or injured men receive the best of care. He has also provided

libraries, a lyceum for lectures, and a church for the benefit of the work-
ing men, which is well attended. By these means added to fair wages he
secures to himself the hearty allegiance and co-operation of all his men,
and he has never had a strike among them. This contractor is Mr. Thos.

A. Walker, an Englishman, who, however, began operations on our own
shores by taking a contract on the Grand Trunk Railway in 1852. He was
the contractor for the Severn Tunnel, 22,982 feet long, a work of pro-

digious difficulty begun in March, 1873, and completed in December,

1886. At the present time he is executing a contract for a breakwater

and quay at Buenos Ayres, costing from five to six million pounds sterling.

He values his entire contractor's plant at £3,000,000. He is a gentleman

of medium size, with a singularly unassuming and modest manner and
pleasant address for one commanding such great interests. He directs

the work of the Manchester Ship Canal in person, and has no partners in

the contract. What would become of the vast undertaking in the event

of his sudden death, or who would efficiently manage his complicated

estate, is a question impossible to answer.

The engineer of the canal is Mr. E. Leader Williams, C. E., to whom
is due the original design and the overcoming of many seemingly in-

superable difficulties and the solving of many intricate scientific problems,

such as would naturally attend so great an undertaking in the midst of

an old and thickly-settled country, traversed in every direction by estab-

lished highways of traffic. He is a large, fine-looking man, with great

force of character combined with suavity of manner.

For the last 50 years we have seen railroads take the precedence of all

other means of communication in enforcing the right of eminent domain,

choosing their location to suit themselves and making other interests bend

to theirs. But now comes the ship canal and reverses all this. All the

railroads crossing the proposed canal, including some of the most import-

ant in England, are compelled to change both location and grade, and to

surmount an elevation of 75 feet clear of the water surface, in order to

accommodate the shipping on the canal. This has not been accomplished

without a tremendous struggle, lasting for years, but ending in a complete

victory for the canal.

Not thus could the old canal interests be set aside. The Briclgewater

Canal, although of small section and floating canoe-like barges, could not

be raised nor lowered, nor yet abandoned, for its traffic is very important.

It crosses the Irwell, at a moderate elevation, by the famous and now
venerable aqueduct built by James Brindley, the great canal engineer of

the last century. True, the old aqueduct, with its ivy-clad arches, must
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be destroyed, but before this can be doue a new one alongside of it will

be constructed with a central span of iron or steel, capable not only of

being swung to pass the traffic of the ship canal, but also of being lowered

and raised on its central and pistou-like support, so that the canal barges

may be transferred at pleasure from one canal to the other. The designs

for this most modern of aqueducts, as well as for all the other structures

of the canal, are by the engineer, Mr. Williams.

The lower 13 miles of the canal are directly along the bank of the Mer-

sey, an arrangement which, though costly, was determined upon after a

great amount of study, as preferable to deepening the chanuel of the estu-

ary by jetties, etc., for the same distance.

The total excavation for the canal exceeds 44,000,000 cubic yards. The

contract was let January, 1888, and is required to be completed by Jan-

uary 1, 1892, under a penalty of £500 a day for delay after that time, and

a premium of the same amount for earlier completion. This requires the

removal of material at the rate of 1,000,000 cubic yards a month ; but the

contractor has been able to exceed tins average considerably. The con-

tract for the canal proper is for the sum of £4,500,000, and the contractor

is to take £500,000 of this in stock. The total cost, including terminal fa-

cilities, is estimated at £5,750,000. The right of way has cost over £1,750,-

000. The authorized scock of the company is £8,000,000, with power to

borrow £1,812,000. The expenses during the years of incubation, before

the parliamentary powers necessary to success were obtained, were very

great, and the delays almost disheartening. There seems now to be no

doubt of the completion of this enterprise at the appointed time, and Man-
chester may then boast of one of the finest marine highways in the

world.

It is estimated that one-third of the tonnage arriving at Liverpool will

pass up the canal without breaking bulk.

A Skew Bridge at Rugby was noticed, that is a curiosity in its way.
It is composed of two girders 75 feet long, while the clear opening is only

12 feet measured at right angles to the abutments, consequently the skew
angle is about 80 degrees, and as the girders are about 12 feet apart in

the clear, the girders do not lap by each other at all, but one may be said

to begin where the other ends. Consequently they do not afford each
other any lateral support, and every floor beam has one end resting on an
abutment. The girders are two feet wide by seven feet high, triple inter-

section, composed of channel and plate irons, riveted. The floor beams stand

upon the lower chord, and are riveted to the girder in a substantial

manner, and all the work being heavy, the bridge does not appear in-

secure, although of such unusual design. It is used for the crossing of

one single-track railway over another. The abutments are of hard-

burned brick, as is not uncommon on English railways.

The Forth Bridge, though in Scotland, near Edinburgh, may be
mentioned under the title of " Civil Engineering in England," without
committing an Irish bull, inasmuch as it was designed by and built under
the direction of two most distinguished English engineers, Sir John
Fowler and Mr. Benj. Baker, of London.

It will not be possible here to give even an outline description of this
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latest wonder iu bridge construction, nor is it necessary, since its plan-

and progress are duly published in the technical journals.

The first impression made on the mind by a sight of the three huge canti-

levers, now nearly completed, is that of a solemn procession of elephants,

ungainly, cumbrous and useless. They stand tandem in the Forth, dis-

connected from each other and from the approaches, yet reaching out

toward one another, each with a magnificent stretch of one-third of a mile

from tip to tip, balanced over a central support. Seen at a distance, their

great size does not fully impress one, but they grow on the sense by a

nearer approach, until everything else is dwarfed by comparison. The
approaches, which elsewhere would figure as grand viaducts, here scarce

claim attention. Yet they are composed of piers 150 feet high and 168

feet apart, five spans on the south and ten on the north side of the Frith.

The bridge is a special one in all particulars, in design and in execution,

in the yard and shops prepared exclusively for its manufacture, and in

the machines invented for manipulating and preparing the plates and
connections—ponderous machines which are only thrown upon the scrap

heap, many of them, when their office in connection with this particular

bridge is accomplished. To this yard the plates are brought direct from
the mill, and all the work necessary to fit them for their place in the

great structure is done on the spot. All sheared edges are afterward

planed, all holes drilled, all peculiar shapes and bends given by hydraulic

presses and dies, the plates being red hot, and finally a careful anneahng
is given. Then comes the assembling in the yard, all parts being accurately

and positively fitted together before they ai'e allowed to go out of the

yard. After assembling, the parts are taken down, floated out to the

bridge and hoisted separately to then place in the structure. One of the

connecting or central spans, 350 feet in length, was being assembled on

July 2d last at the time of the writer's visit. To allow for expansion and
oscillation one end of this span is to be supported by its upper chords rest-

ing on vertical posts standing on the lower chord of the cantilever arms.

The posts have spherical ends fitting into sockets, allowing them to rock

freely. The motion is suitably checked by other devices.

The tubes forming the main posts of the cantilevers are 12 feet in dia-

meter; the lower chords at the base are of the same size, and where these

meet each other and the somewhat smaller main braces, making five

cylinders in all at a common point, some very queer intersections and de-

tails of riveting may be seen. The steel cover-plates for these joints have

been tortured into extraordinary shapes.

At present a timber pier extends from the south bank to the first canti-

lever foundation, and here a steam lift gives access to the level of the road-

way 160 feet above the water. The boldness of a truss extending out over

the water for 600 or 700 feet unsupported is more apparent now than it

will be when the central span is in place and the roadway continuous, al-

though, of course, the strains will be much greater then than now.
The resistance to wind, however, is quite as important as any other.

The wind pressure on a truss 340 deep and 1,700 feet long, figured at 56

pounds to the square foot, is something respectable. It is estimated at

7,900 tons on one of the main spans, while the practical train load on
double track for the same span is only 800 tons in all, or only about one-
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tenth of the wind pressure at 56 pounds. The weight of steel in the canti-

lever portion of the bridge is about 42,000 tons, and in the fifteen approach

spans 3,000 tons, or 45,000 tons in all. The piers contain 120,000 cubic

yards of masonry. The piers are faced with Aberdeen granite. The ap-

proaches on either side begin with three 25-foot arches in granite ash-

lar, most beautifully dressed and finished.

The whole structure impresses one with a sense of its prodigious

strength, an impression fully verified by the engineer's figures ; but there

comes, also, an astonishment at the cost of such a work and a wonder as

to what should justify such an expenditure at that place. The roads that

will use the bridge already have rail connection by a detour of a few

miles. There was probably a stimulus in the shape of competition with

roads running direct on the west side of the island which led to this gigan-

tic undertaking, combined with the hope of some little pecuniary gain in

the saving of distance and grade.

The contract for the superstructure is understood to be for the sum of

£1,600,000, but what tbe total cost of the bridge will be, with its deep

foundations and innumerable incidental expenses, we must await the is-

sue of a final report to ascertain. The contractor's plant is valued at over

£250,000.

But whatever may be the financial exhibit, this bridge, one and a half miles

in length, carrying a double track railway at an elevation of 160 feet above

high water, across a tempestuous arm of the sea, in clear spans of 1,710

feet, and over channels 200 feet deep, marks an era in the advance of

engineering science, and will be a grand monument to the commercial

enterprise and professional skill for which the closing years of the nine-

teenth century are already so justly noted.

DISCUSSION.

Mr. Leland : What is the annual tonnage of the port of Liverpool \

Mr. Searles: I stated incidentally, as a remark outside of the paper, that the

tonnage of Liverpool was about 4,000,000 per annum; that was the tonnage in

one direction orly. For 1886 Liverpool had entrances to the amount of 5,017,000

tons and clearances to the amount of 4,714,000 tons; this is with cargoes and
ballast. Exclusive of coasting vessels the foreign trade altogether would make a
little over 10,000,000 tons in 1886. Looking back over preceding years the in-

crease in tonnage does not appear to be rapid, and probably there is very little

difference at this day.

Mr. Bowler: I was interested to know how they fixed the foundation for the

sea wall. I thought the water was not very deep, and I wondered that the waves
and tide coming in did not wash it out.

Mr. Searles: At Liverpool there is no sea because it is an estuary, and the wall

is thoroughly protected. So there is no occasion for anything but a mere reservoir

wall to retain the water in basins whan the tide is below them.

Mr. Porter : If I understand rightly, these docks are enclosed like a dry-dock, so

that the water in the basins can be kept up to a uniform height. Are the pumps
arranged so as to pump water both in and out ?

Mr. Searles : The docks intended for very large steamers are kept about high
tide level, and consequently the Atlantic steamers can only enter the docks at

high tide and leave them at high tide. The pumping engines are used, as I un-
derstand, mainly for the purpose of clearing the dry-docks, and, of course, inci-

dentally, they may be used for correcting the level of the basins if necessary.
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Some otber basins are kept only at halt' tide, aui, consequently, cau ba opened
twice as often. In some cases there are only single gates between the river ami
the basins; in other cases there are double gates like our canal locks, and a cham-
ber in which the vessel may ride while the water is being raised or lowered.

Mr. Porter: How do the docks at London compare with those at Liverpool?

Mr. Searles: I did not make a special visit to the docks at London. As I under-

stand the matter from drawings and what I have read, I think the docks are very

similar in general idea, while there may be a difference in shape and dimensions.

They are built very much by the same engineers and for the same general purposes.

The London docks, in some cases, are on a neck of land, so that they have outlets

at both ends into the river.

Mr, Whitelaw: Do the docks seem to have communication with each other?

Mr. Searles : Docks of the same group and name only are connected.

Mr. Whitelaw : Is the masonry all of blocks of concrete?

Mr. Searles: The early docks were built of masonry. The modern ones are

made of concrete. They have the advantage there of a very good foundation at a

reasonable depth.

Mr. Swasey: From the way in which they were constructed they seem to be

built for ages, and not for a few years. I think one little remark made by the

Superintendent shows the manner of the whole construction of the Liverpool docks.

There happened to be a little group of us in a room where there was an engine of

about 18-inch cylinder. It was running very slowly—I presume it was making
thirty strokes per minute—and the Superintendent, knowing that we, as Ameri-

cans, run engines very mu^h faster, said: "That will do a vast amount of work
in twenty years." And this seemed to be the key to the whole situation, for the

way in which everything around there was constructed was not only for a few
years, but for hundreds of years.

Mr. Porter: How do you think the crossing under the river compares with a

crossing over it ?

Mr. Searles: I think it would have been impossible to go over and give the

necessary head-room to the ships. The terminals of the tunnel are right in the

heart of the city, not at any great elevation above ths water. I understand that

at the terminals proper they may have no elevator at all The elevators are near

the water and are for the convenience of those!who wish to visit the^streets near the

water front, while the terminal proper projected on the Liverpool side, allows

the road to rise by a steep grade to the basement depot.

Mr. Mordecai: Are those docks or any one of the docks set apart for any
special class of freight, or do all classes of freight come into them?

Mr. Searles: The docks at the north end are used entirely for the trans-At-

lantic steamers with promiscuous freight. Near the north end are the lumber

docks

.

1 do not think that each road has its own tracks there, but all the roads enjoy

access to the docks for lumber.

Mr. Porter : Have they special arrangement for unloading livestock ? I

understand that there is something like a floating bridge and a platform going out

some distance.

Mr. Searles : These have no connection with the docks; that is, they are float-

ing stages on the river, of large dimensions.

The landing stage for passengers and baggage is over 3,000 feet long and 80
feet wide, and is connected with the mainland by seven bridges, somewhat similar

to tne bridges used at the ferries in New York, except that they may be four

times as long, so as to accommodate the change of tide. It extends several blocks

along the city front.

I did not see any grain coming from vessels. The grain warehouses are inside

the docks, of course, and there the grain is taken into the buildings.
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The elevators are something like certain ones in Buffalo. They are six or eight

stories in height. The grain is stored on every floor, and transferred from bin to

bin on carriers—not very different from some of our modern dock grain ware-

houses at the Atlantic docks; but all perfectly fire-proof. These English buildings

are like all their other work—perfectly solid and fire-proof in every particular.

They are made available for both grain and ordinary goods on different floors

.

Tbey are capable of storing a couple of millions of bushels or more.

Mr. Barber: Referring to the floating docks; of what are they made?

Mr. Searles : They seem to be made of wood in one solid construction right

along.

Mr. Whitelaw: Did you ]earn anything of the probable effect the Manchester

Ship Canal would have toward getting the shipping away from Liverpool?

Mr. Searles: Yes ; naturally, Liverpool is very much opposed to the canal,

because she has grown rich on the commerce brought there, and largely in the

rehandling of goods from ships to railways. It is now thought that one-third of

all the tonnage that now comes to Liverpool will go direct by canal without

breaking bulk and Lot touch Liverpool at all—a'great loss in one sense to Liver-

pool. Every possible argument was made why the canal should not be built.

Mr. Whitelaw: Is it a private enterprise ?

Mr. Searles: It is not a government enterprise. It is an enterprise of the

citizens of Manchester; not a municipal one—not done by the city as such.

Mr. Whitelaw: I understood you to say that the bottom of the slopes were cov-

ered with masonry.

Mr. Searles: The earth slopes are walled about three feet thick ; about one

foot of smaller stone and two fe-t of heavy stone laid on it. It is walled all the

way from the bottom to the top of the slope. There is a tide lock at the easterly

end. The basics at Manchester are some 65 feet above mean tide. There

are four locks which have a lift of about 13 to 15 feet, and, of course, the

water to supply tbem comes from above in each case, and the tide lock is ar-

ranged to suit any stage of the river. There is a very large series of basins con
structed at Manchester to hold a great deal of shipping and store a great deal of

water. All the water does not come from the river Irwell, which is a small

stream. A little way down the canal, the Mersey flows into it. The water of

this larger stream and the water of the Irwell will all be stored so that it can be

used in the lower locks; some shipping only coming up part way and returning to

Liverpool without going to Manchester. These.four locks are rather near together.

The first level from the tide lock reaches over half the length of the canal.

The others are distributed, and the last one is three miles or more from Man-
chester.

Mr. Barber : What becomes of the earth deposited ?

Mr. Searles : They have bad to buy great quantities of land on which to put
spoil banks : when the canal is opened a good deal of it can be removed again and
put into the old river beds.

Mr. Thompson : Did you see the plans of the locks for the canal ? Will they be

peculiar in their construction ?

Mr. Searles : The locks are not built as yet ; but the description of them is that

they are built with three chambers, side by side, and one account says that two of

them will be full size for the largest steamers, and the third one smaller.

Manchester is one of the largest cotton manufacturing cities in the world, and
the rehandling of the cotton at Liverpool is quite a tax on the commodity. The
ships that bring it there can, when the canal is finished, unload directly at thf»

Manchester quays.

Mr . Mordecai : Is it merely for local traffic at Manchester that the canal is to

be built, or will Manchester draw trade that now goes to Liverpool ?

Mr. Searles: As I understand it, the canal is subservient to the manufacturing
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interests of Manchester at the present time. It will save all tolls that are now
paid to Liverpool. Of course there are other towns not far from Manchester

which will share more or less the advantages of the canal; but Manchester will be

the chief gainer, and she has supplied most of the money.

Mr. Palmer : What is the estimated cost I

Mr. Searles: I presume about £10,000,000, ultimately.

Mr. Barber: Is the Forth Bridge yet a long way from completion ?

Mr. Searles: It is very near completion. It is to be opened next month and to

be completed before the expiration of October.

Mr. Swasey: I was there the 2d of September and the engineer said that the

spans would be connected in about three weeks, and that in five or six weeks the

bridge would be ready for traffic. They had completed about fifty feet out at

each end of the connecting spans.

Mr. Barber: Did it strike you that the forms of the materials used in the con-

struction of the bridge (the forms of the columns and their connections with other

portions of the bridge) were unnecessarily difficult in manufactured

Mr. Searles: There is certainly an advantage in a cylinder in many ways, but

in a complicated truss the intersections of the cylinders in l'iveted work give a

good deal of difficulty and have rather a clumsy appearance to the eye.

Mr. Barber: If I recollect rightly that bridge is about 100 feet longer than the

East River bridge in New York.

Mr. Searles: The spans are 1,710 feet each; the East River bridge has one

span of 1,595.

Mr. Porter: Are they putting in connecting spans as continuations of the can-

tilevers?

Mr. Searles: Yes, sir. When the span is completed a disconnection will be

made so as to leave a 350-foot span hanging from the cantilever arms.

The main columns of the cantilevers are 12 feet in diameter. They are 340 feet

high.

Mr. Swasey: I was very much pleased with the intersection of the various com-
pression members, which they call the "Skewback," where the plates were formed
into such irregular shapes. Of course, it is a great deal more expensive than we
would have made it in America, but it looked to me like a very excellent piece of

work. Another thing that struck me was the simplicity of the structure, by which

all the strains were concentrated to the comparatively small base.

Mr. Searles: I quite agree with Mr. Swasey in regard to the excellence of the

workmanship. The only criticism I had to make was that such a case should

occur, whereas, if rectangular shapes had been used more simple connections

might have been made.

I understand that the bridge cost $15,000,000.

Mr. Mordecai: What is the commercial necessity for the bridge?

Mr. Porter: About as much as the commercial necessity for the bridge at St.

Louis.

Mr. Searles: Geographically speaking, England and Scotland are the same ter-

ritory, and this Frith of Forth is but a small gash extending into the side of the

island. If England and Scotland were separated by a strait, then we could see

why the bridge must be put there, no matter what it cost.

Mr. Swasey: Really the $15,000,000 does not seem to be high in comparison to

the cost of the East River bridge.

Mr. Porter: The St. Louis bridge cost over $13,000,000.



ELECTRIC MOTORS AS APPLIED TO THE PROPULSION OF
STREET CARS.

By Nathan S. Possons, Member of Civil Engineers' Club of Cleve-
land.

[Read October 8, 1389.]

The mere question of obtaining motive power from electricity is neither

new nor startling; but it is only since the discovery of the means of

economically producing powerful currents of electricity, that motion by

this method becomes practicable. When currents of electricity were
first utilized for practical purposes, and for many years after, the cost of

geuerating them precluded their application to the production of motion.

They were only used for metallurgical purposes and telegraphic signals,

but by the discoveries and developments of the past few years the whole

aspect has undergone a changg. Scarcely fourteen years ago the principle

of the dynamo-electric machine was placed at the disposal of the public.

This principle immensely diminished the cost of pi-oducing current. By
this principle the energy of coal could be evolved in the steam engine,

thence conveyed to a distance and then reconverted into mechanical

motion, or light, heat or other forms of active energy. The rate of

progress thus far has been very rapid. Attention for a time was paid

exclusively to electric lighting. Now, however, it is being utilized for

transmission or distribution of power.

The first practical experience of the propelling power of electricity was
by Dr. Siemens, who constructed'a circular railway in Berlin in 1879. Its

total length was 350 yards, its gauge 3 feet 3 inches, the rails being laid

on wood sleepers in the ordinary manner, thus affording sufficient insula-

tion to serve as a conductor for the current. Upon this railway four

carriages were placed. On the first car was placed an electric motor. The
axle of the motor was connected to axle of car, so as to impart its motion.

A metallic brush attached to Jhe motor collected the current from the

conducting rail to the motor, thence through the return rail to the dynamo.
Small as this railway was, it demonstrated its practicability. To-day the

leading electrical savants are wrestling with the subject of propulsion of

street cars. At best it is a disagreeable place to locate so finely constructed

machinery as an electric motor, to receive the slush, the mud, the dust

and dirt from a traveled thoroughfare. But its mechanical construction

is such that it is made to stand the rough usage, and make its continuous

trip.

The Fourth Avenue Street Railway Company in New York City, have

designed a special car embodying all needed conveniences for the success-

ful application of a storage battery system. The system of storage bat-

tery .used is known as the Julien, and the car when fitted with its bat-

teries and motors weighs about seven tons. The motors are connected to

each axle of the car, and are known as 10 H. P. motors, the power beim:

considered ample unless grades are excessive. The batteries are composed
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of several hydrogen and oxygen plates to each battery, and are placed in

trays under the car seats, and make a total of 108 cells. By an ingenious
commutating device under the control of the driver, these can be readily

connected so as to place the four sets in parallel, or two parallel and two
series: or two parallel and three series, or all four in series, thus at start-

ing giving each 51 volts, 108, 162 and 216 volts. The car starts easily with
no jerk, and with a full battery cars run 25 miles. Batteries may be re-

moved in eight or ten minutes, as they are arranged in convenient trays
and quickly replaced. The cars absorb about one electric horse
power per mile on this road, then- speed being about nine miles per hour.
They can be geared for greater speed, but the city ordinance has regu-
lated this. The batteries have been in service for about six months, and
the system is claimed to be practical, the cost of maintenance not exceed-
ing that of horse power. The more level the road the cheaper the system.
The advantage of this system is that it may be introduced side by side

with the regular horse traction without great outlay, as the ordinary car

maybe altered to meet the system.

The systems now meeting with great favor and being generally adopted

are known as the parallel and series system, These differ materially

from the battery just described. A suitable generating station is placed

in some convenient point on the line and the current generated is trans-

mitted by suitable conductors along the line.

The parallel system has one overhead wire, or a wire leading over the

centre of the track, returning to the generator by ground or through the

rail. "Where extremely long circuits are in use feeders or extra wires are

run from the generating station, tapping the overhead wire at some dis-

tant point. The pressure of current used is about 500 volts.

In the series system the conductors are both placed overhead, feeding

by one line and returning by the other.

There is still another system known as the underground conduits. This

system comprises underground conductors, wherein the current from the

generator enters one conductor, passes through the motor, returning

through the second conductor placed in the same conduit. The current

is picked up by brushes which are attached to a suitable arm, which
passes through a slot in the top covering of a conduit. The conduit is

provided with convenient and suitable connections with sewers to carry

off surface water and accumulation of mud. The advantages claimed by
this system are high efficiency, and absence of overhead wires. Its disad-

vantages are great expense of insulation and danger to insulation of

conductors and consequent increased expense of maintenance. The ad-

vantages gained by electric propulsion of cars are many. The public

demand quicker transportation and the railroad company greater profits.

Through the courtesy of Prof. S. H. Short I have been enabled to gather

some data upon the cost of operating and maintenance.

The Huntington Railroad is run upon series system and is a Short line,

being three and five-tenths miles, with a maximum grade of four per cent,

connecting two thriving Virginian towns. The power station is equipped

with a high speed automatic cut-off engine and a 50-horse power generator.

The conductors are strung on two rows of poles with cross wires and
have no ground returns.
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Cost, based on running two cars 15 hours per day for thirty

days—coal, 75 tons at $1.05 §78.75

Oil, 30 gallons at 22 cents 6.60

Two engineers 54.00

Two firemen 30.00

(The low prices paid for engineers and firemen are accounted for by the

fact that the railroad was run in connection with a lighting station, and

half time was charged to each.)

Three motor drivers $75.00

Three conductors 112.50

Total $356.85

The cost per car per day, including all expenses, drivers, conductors,

etc., is §5.95. The cost per car per mile (10 miles per hour) is a frac-

tion less than four cents (.03965). The cost of motive power alone is less

than two cents (.018) per car per mile. As each car tows another when
traffic is great, the actual cost is a trifle less. This road has run continu-

usly and successfully since its start, Dec. 15th last.

The Broadway line in St. Louis is also operated by the Short system. Its

length of track is three miles, number of -motor cars five, each carrying a

trail. This plant is run by a 100 H. P. engine and with one generator. The
system was placed upon an old roadbed with angles instead of curves,

having all disadvantages of faulty construction, yet the cost of repairs

has been practically nothing. No repair shop was needed, and the ex-

pert in charge and his assistant kept the electrical machinery in order.

Very heavy thunder showers have been frequent. Lightning can strike

the wires of a series system and be carried off by arresters placed within

the station. With this system the cost of running cars with their trail

is 3i cents per hour per car, as we have data showing this to be the case.

The expenses at St. Louis are here shown for seven days' run. For 25

trains, two cars each—50 cars:

Eight linemen , $120.00

Two engineers 36.00

Four firemen 56.00

Two electricians 40.00

Four dynamo tenders 56.00

Oil, waste, etc 56.00

Total , $364.00

For one day $52.00

Coal for one day—350 bushels at 7 cents per bushel 24.50

Incidentals — 5.00

Extra men 6.00

Total cost of 50 cars one day $87.50

Cost per car per day 1.75

The series system possesses many and varied advantages, its speed

being regulated by the position of the brushes on the commutator, the

speed of the motor being accelerated or decreased by the simple throw of

the lever under the care of the driver. No power is wasted in resistances.

The cars stop and start without jerk or jar, and the danger of a burn-out

in the motor is seldom, if ever, experienced.

The parallel system has proved in some cities a failure, due, perhaps,

to want of proper business management, while in others, as in our own
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city, it is meeting with fair success. The power of the motors has been

increased, the weak points fortified. The service is gradually improving,

and when the rivalry in opposing lines becomes reconciled, we may hope
for a successful motor service in our city.

The motors and fast running cars are very severe upon the track, and
railway companies must understand at the outset that electrical equip-

ment requires a heavier track than is required for horses. No doubt a

better track for horses and mules would prove an advantage. The matter

of a heavier track is something in which the public is interested, because,

with increased speed and a smoother track, travel would be made more
comfortable. The demand of the present is rapid transit, and to secure it

we must have good track.

I have endeavored to get some data as to the comparative cost of opera-

tion of a parallel road as compared with horse traction, but have failed to

get data I desired, as the change from horses to electricity has not as yet

been fully consummated, and so much of the force has been engaged in

repairing tracks, etc., that a comparison had not been made. I have been

informed that the motor cars run 140 miles per day, while the cars pro-

pelled by horses ran 70 miles with five teams of horses, and that the

motors are manipulated with one half-the number of men.
The motors attached to one car cost, each, $2,000, it requiring 10 teams

to run cars same number of miles as motors, at a cost of §250 each team,

$2,800. It is usual to allow 25 per cent, per annum for wear and tear of

horses.

It may, therefore, be assumed that the electric motor and its utiliza-

tion as a source of transmission of power has reached that stage of practi-

cal development from which it must necessarily advance, with a con-

stantly widening circle of usefulness.

The day will come when horses for street car traffic will be as obsolete

as the tallow dip, and in my opinion that day is not in the near future, but

i n the immediate future, for we see on every hand the steady growth of

success. Invention after invention stands the test, after careful trial.

Hundreds of our brightest mechanical minds are studying this problem

and each day marks some improvement in detail.

DISCUSSION.

Mr. C. O. Palmer: I would like to ask what the efficiency is of some of

our electrical systems ?

Mr. Possons : I think there is no question but that the " Series " has the

greatest efficiency. It gives from 87 to 90 per cent, of the power that is

put in.

Mr. Warner : What if an engine is developing 100 dynamic horse power ?

Mr. Possons : The efficiency of the generator would be about 85 to 87 per

cent, and the motor about the same.
Mr. Whitelaw : What would be the weight, in the overhead system, with
wo motors on driving car? I understand that one of the objections is the

extreme weight.

Mr. Possons : The general principle on which motors are built is to have
about 100 pounds of weight per horse-power ; so that 2,000 pounds would be
he weight, in answer to your question. The storage battery, with its motor,
about 9,000 pounds.
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Mr. Mordecai : Does it require any more horse power to run a parallel

than a series system ?

Mr. Possons: It requires a great deal more power.

Mr. Force : The wire under the rail is simply to make the circuit better'/

Mr. Possons : Yes, sir ; to make it better.

Mr. "Warner: When I was in Allegheny I inquired into the conduit

system, and they told me there that the conduit system was about being

abandoned. It was unsuccessful on account of the difficulty of insula-

tion.

Mr. Possons : The series system runs with about 40 amperes of current

and 25 volts to the horse power. With the ten horse power we therefore

have 250 volts. The Huntington Railroad, to which I have referred, in West
Virginia, has 15 horse-power motors, and they run with 375 volts for each

motor.

Mr. Warner : What is the comparative efficiency of storage batteries ? If

the series or parallel systems utilize sixty or seventy-five per cent, from the

engine, how does the other ?

Mr. Possons : The storage battery is not as efficient as the motor. The
losses in charging the storage battery must be taken into consideration. I

assume that the efficiency of the storage battery would be about sixty per

cent., whereas that of the motor and generator would be about seventy-five

per cent.

Mr. Swasey : I heard a report that a horse went across the parallel system
and dropped dead. Is there current so that a person would feel the shock
more or less by putting the hands on the rails ? My inquiry is, is it possible

to get any injury from the track?

Mr. Possons : None whatever. In order to get a shock from either system
you have to be in contact with both poles of the machine. If a person stood

upon the track and held the overhead wire by the hand he-would be shaken
up considerably.

Mr. Mordecai : Would the shock kill ?

Mr. Possons : That would depend upon the person.

Member : You say it is not possible for a horse or person to get a shock
from the parallel system from standing on the rails ?

Mr. Possons : Not possible, if the line is properly constructed. A gentle-

man explained to me to-night coming down on the car that he noticed last

Saturday night, on Superior street, a horse car in the rear of a motor car

and that the wheels of the horse car gave off as much spark as the motor did

ahead of it. The explanation given was that the rails were not properly

connected together.

Member : I noticed at one power-house in the city that they were very

careful not to start the motor up until the horse car was away one hundred
feet or so.

Mr. Searles: The current is supposed to return through the rail. Suppose
one joint is defective and a horse in traveling the street should have a fore-

foot on one rail and a hind foot on another rail, before and after the defec-

tive joint, would he not receive the current through his body.

Mr. Possons: I do not think he would.

Mr. Searles: I will restate my question. We understand that the return
current, as we have it here in the streets, passes into the rail ; that the

joints are connected by copper wire to increase the conductivity. But I

made a supposition that the joint was defective, and that a horse has a fore-

foot on one rail and a hindfoot on another, with the defective joint under
his body, would not some of the current pass through the body of the horse,

the horse helping to repair the supposed break in that joint?
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Mr. Possons: If the iron is abetter conductor than the horse the electric-

ity will follow the iron.

Mr. "Warner: The same conditions would be in force if we broke the over-

head wire and took hold with both hands.

Mr. Searles: That would be too strong a case. My own idea is that there

is no danger in the case supposed.

The President: I notice that we have Col. Wm. H. Paine, of New York,
with us, and would be glad to hear remarks from him.

Col. Paine : I am a learner on the subject and not a teacher. I came here
to be instructed and not to instruct. I have been endeavoring to pick up in-

formation in regard to propelling cars on roads as an engineer of wider
practice than being attached to one particular system. There are so many
items necessarily involved in the subject that it is scarcely fair in me as an
engineer to say that cables can be cut off by the yard and employed any-

where. "We use cables on vertical railways—our elevators. Electricity does

best on level roads. When we compare the two it should be made some-

where on an incline. There are also other questions to come up between
the two—the volume of travel, etc. There are many different things that

need to be discussed—that need to be carefully and intelligently studied—
before it is determined what manner of motive power is to be used. I will

say in regard to the cable on the Brooklyn Bridge that it is to-day doing more
service than any known one mile in the world. Every road is to be studied

by itself, and I cannot draw a general comparison as to the advantages of

the two methods. Some one asks me the question: Do you prefer a cable

road to an electric road ? I cannot answer the question ; it simply applies

to some particular road. I illustrate my remark something like this: A
young student entered one of our large steel manufactories. He asked an
engineer in regard to some particular points, and was answered, " Had you
come here fourteen years ago, when I came here, I could have answered
you, but now I cannot."

Mr. Walker : What experimental data has Mr. Possons in regard to elec-

tric roads ? I understand that there is a claim of seventy-five per cent, of

efficiency. It seems to me that if seventy per cent, can be got it is very

much. When we indicate an engine and say it develops so many horse

power, and we propel a car, and that car is a certain weight with its passen-

gers and dynamo, then have we got what is claimed ? I do not think the

additional dead weight of a car is taken into account in any of these calcula-

tions.

Mr. Possons : Is the road you suppose a series or a parallel system ?

Mr. Walker : Series.

Mr. Possons : I think I am safe in saying that the road will develop sev-

enty-five per cent, of efficiency.

Mr. Walker : I understand that the useful effect of seventy-five per cent.

is taken in any kind of electrical machinery?

Mr. Possons : No sir ; not any kind.

Mr. Mordecai : What efficiency do you get from a cable road ?

Mr. Walker : Recent improvements in machinery operating cable roads

have made some wonderful changes. The useful effect formerly on cable

roads was only about from sixty to sixty-five per cent. The recent improve-

ments have done a great deal toward making the efficiency much greater—

about seventy-five per cent.

Professor Short : What we mean by the efficiency of the motor is the

amount of power it will deliver as compared with that which the steam en-

gine is giving at a given time? There is a place for the cable and a place for

the electric roads.
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Col. Paine : I cannot understand how people can draw any line between
electricity and the cable on the broad question. When the Tenth Avenue
cable line was laid in New York, it took 57 horse power to move the heavy
machinery that was in the building. To run that one line of cable took 50

horse power. When we consider these figures we ask what is the percen-

tage of the 107 horse power? Our cars "were extremely large and it took 4

horse power for every one of the 87 cars run on that line. Now, these fig-

ures give me 348 horse power for the 87 cars, and there are 107 to be added on
account of machinery and cable—what is the proportion between the cable

and cars ? It is some 325 per cent. I cannot understand the figures given

on this subject.

Mr. S earles: It has been said that the object is to please the public by
rapid transit, among other things ; but we have not seen much rapid transit

in Cleveland. The question I want to ask is, of what speed are the electric

cars capable, the city ordinance out of the question ? I timed a car from
Collamer to the Public square, a distance of eight miles, and we were just

one hour, and that was a usual run. There were no detentions.
Mr. Possons: The usual limit of speed is about ten miles per hour. The

motors may be geared to any speed. The travel of gear is limited. With
motor cars on our lines, here in the city, I understand that they run from
twenty to twenty-four hundred revolutions per minute. I do not think it

would be safe to travel much faster than this and expect to have the gears

last any length of time.

Mr. Warner : There would be no objection to running faster were it not

objected to' by the city.

Mr. Force : Have there been no experiments made in regard to using dif-

ferent materials for those rapid-running gears—such as cast iron or a com-
bination of steel with something else ?

Mr. Possons : In explanation I would say that we have tried several com-

binations. The object in the main is to avoid noise. The most successful

gear used up to the present time is a combination of rawhide and steel.

Mr. Swasey : They use in Cleveland a vulcanized rubber pinion. It makes
very little noise and makes a very good pinion.

Member : We experimented a good deal on what we should use for a

pinion, and in the first place tried rawhide. Then we tried the vulcanized

fibre, which, the last I heard of it, was the best yet found.
[Adjourned.]
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BOSTON SOCIETY OF CIVIL ENGINEERS.

October 16, 1839.—A regular meeting was held at Elks Building, 24 Hay-
ward place, Boston, at 19:40 o'clock, President FitzGerald in the chair.

Fifty members and twelve visitors present.
The record of the last meeting was read and approved.
Messrs. Francis W. Dean, Burton B. Felton and George I. Leland were

•elected members of the Society.

The following were proposed for membership : George M. Farley, Boston,
recommended by L. B. Bidwell and H. C. Keith ; and Lewis M. Hastings,
Cambridge, recommended by G. A. Kimball and Hiram Nevons.
On motion of Mr. Howe, the Secretary was directed to convey the thanks

of the Society to the following persons for courtesies shown the members
and their friends on the occasion of the visit to the New Capitol at Albany,
N. Y. : John Bogart, State Engineer and Surveyor ; John P. Masterson,
Chief Clerk, State Engineer's Department; Edwin K. Burnham, Superin-
tendent of Public Buildings, and Isaac G. Perry, Commissioner of New
Capitol.

On behalf of the Committee appointed to confer with a Committee of the
American Society of Civil Engineers, Mr. F. Brooks informally reported
that the Committee had written a letter to Mr. Shinn, the Chairman of the

American Society Committee. The letter quoted the formal resolutions

adopted by the Boston Society, December 15, 18S5, and Oct. 19, 1887 (and

printed in the Journal of the Association, Vol. VI., pages 116 and 435). The
letter said further

:

"As an illustration, suppose that the Am. Soc. C. E. should join the Asso-
ciation of Engineering Societies, and thereby have a majority of votes
in its Board of Management, being entitled to thirteen managers, while of

the eleven present Managers four are members Am. Soc. C. E., as is also the

Secretary of the Board. In that case we believe the Boston Society would
most willingly facilitate any changes in the organization which might be
found desirable on account of the increase in its constituency.
" If the foregoing be an unreasonable supposition, we equally believe that

any other plan which appeared well adapted to bring about the same co-

operation of societies would be readily acceded to by the Boston Society.
" Besides the dissemination of ordinary engineering literature, there is an

especial advantage to be gained by this intercommunication between
societies in the case of subjects naturally requiring combined action

throughout the country, as the establishment of uniformity in professional

practice and of standards of various kinds. This was very clearly and forcibly

stated in the report presented in the Engineers' Club of St. Louis, March 6,

1889 (see Journal of the Association of Engineering Societies, Vol. VIII.,

pages 229-30), by a committee on Closer Union of Engineering Societies ;

-also in the address delivered Dec. 21, 1887, before the same club (see Journal,

Vol. VII., pages 27-28), by the retiring President, William B. Potter; and it is

illustrated by a statement appended to this letter about the work of a dozen,

of the committees of the American Society of Civil Engineers."
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Mr. Brooks also stated that an acknowledgement of this communication

had been received from Mr. Shinn, who wrote :
" Our committee is very

desirous of finding some method by which the moral and psychical force of

the American Society and the various local societies can be made to operate

as nearly a unit as possible ; " and also stated that an extension might prob

ably be secured of the time in which the American Society Committee could

consider the matter before it.

On motion of Mr. Rice, the report was accepted, and its consideration as-

signed to the next meeting.

Mr. Stearns reported, for the committee appointed for that purpose, a

draft of a new constitution and by-laws. The report was accepted, and it

was voted that when this meeting adjourn, it be to the 30th of October, and

that the consideration of the new constitution and by-laws be specially as-

signed to that time.

On motion of Mr. Sidney Smith it was voted, That the Board of Govern-

ment consider the desirability of employing an able stenographer, that we
may have reports of the discussions at our meetings.

The literary entertainment of the meeting consisted of personal narratives

by members who visited Europe during the past summer.
The Secretary read letters from Mr. E. D. Leavitt and Mr. G. H. Barrus, de-

scribing interesting engineering works seen by them. Mr. Leavitt spoke of

sound solid steel castings of 50 tons weight and others of the most intricate

description which he had seen cast. He also described the method of pour-

ing large crucible steel ingots, weighing up to 85 tons, and employing 1,400

men in the operation. The large pumping machinery at Rotterdam and at

Kladnow, in Bohemia, and the electric lighting plant in Berlin, were fully

described.

Mr. Barrus gave an account of his visits to the engineering laboratories of

the Steam Users' Association and of the Owens College, in Manchester; also

to that of Professor Unwin, in London. He also described the steam engi-

neering exhibit in the Paris Exposition.

Mr. J. R. Freeman first spoke of the unbounded good will and hospitality

showered upon the party by the English engineers, and then referred to the
great wealth of material for engineering study in England, and that after a
hasty run through the continent, he felt that tenfold more than any other

country, England was the home of engineering and the place for an engi-

neer on a tour of inspection abroad to put in four-fifths of all his time.

Of the Manchester ship canal, he felt that though a triumph of engineer-
ing skill, and perhaps, destined to prosper financially, yet its sole cause and
hope lay in the extremely high freight charges of English railways and
docks, and that a railway built, equipped and managed on the best Ameri-
can practice, if built by the side of the canal, could drive it into hopeless

bankruptcy; and that it had here in America become so much the custom to

growl at railway monopolies, that we failed to appreciate the wonderful
cheapness and efficiency of a system which, notwithstanding high cost of

labor, coal and iron, and smaller traffic, cost the merchant or manufacturer
but about half the tariff common in England.
Mr. Freeman also spoke of the contracting engineer, common in England,

but only beginning to be developed with us—the engineer who not only plans
but executes the work as well. Speaking of the Forth Bridge as a far more
grand and inspiring eagineering work than the Eiffel tower, attention was
called to the superior dignity given the former structure by the use of a few
simple, gigantic steel tubes for members of the truss instead of a network of
thin plates and angle irons.

In giving an account of brief inspections of some of the German technical
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schools, Mr. Freeman spoke of the great superiority of the laboratory prac-
tice given the American student at the Boston Institute of Technology, for

instance, and for which the world at large is indebted to our late Prof.
William B. Rogers more than any other one man.
For profound mathematics or subtle specialties in chemistry, of course

,

the German school stands pre-eminent, but abroad the engineering labora-

tory or physical laboratory is primarily for the use of the professor in original

research. In our Boston school it is primarily for the use of the student and
for teaching him " finger wisdom."
In the magnificent palace recently erected for the imperial technical school

at Berlin, the strong and far-sighted German government has shown a high
estimate of the importance of technical education far superior to that as yet

attained in the councils of our own commonwealth and nation. But in con-

versation with the speaker, the honored and able secretary of the English
Institution of Civil Engineers said: " Technical schools ! Why, I consider
that right there, in Boston, you have the finest technical school in the world."
In speaking of the ocean steamer as a triumph of engineering, and of his

passage home on the "City of Paris," at the time she made her wonderful
record, Mr. Freeman, among other comparisons, called attention to the fact

that in the confined space of that one engine and boiler-room there was
steadily developed, day after day, a power greater than the total water
power of the Merrimack, at Lowell and Lawrence combined.
Mr. F. Brooks spoke briefly of a few of the more conspicuous features of

the Paris Exposition, and read by title some notes upon less prominent
topics which he proposed to offer for publication in the Journal. Mr. Brooks
exhibited a number of photographs and other illustrations of the subject*
treated in his remarks.
The meeting then adjourned to the 30th inst.

S. E. Tinkham, Secretary.

October 30, 18S9 : An adjourned meeting was held at the American House,.

Boston, at 19:45 o'clock, President FitzGerald in the chair. Forty-four
members and three visitors present.
The President stated that the business before the meeting was the report

of Committee on Revision of Constitution.

On motion of Mr. Stearns the Society resolved itself into a Committee of

the Whole to take under consideration the draft of a new Constitution and
By-Laws.
At 22:45 o'clock the Committee rose and reported progress. The meeting

was then adjourned. S. E. Tinkham, Secretary.

ENGINEERS' CLUB OF ST. LOUIS.

October 9, 1889:—311tb Meeting.—The club mot at Washington University at

8:05 p.m. President Meier in the caair, twenty one members and three visitors-

present. Tbe minutes of the 310th meeting were read and approved. The ex-

ecutive committee reported the doing of its 79th meeting, approving for member-
ship, H. M. Kebby. He was balloted for and elected. The secretary announced
bd application for membership from John Dean, civil engineer and contractor, in-

dorsed by Otto Schmitz and Charles I. Brown, which was referred to the execu-

tive committee. The secretary reported that investigation had shown that the ac-

ceptance of the proposal from the St. Louis public library would require the tak-

ing out of duplicate life memberships by twenty-two members.

After discussion by Messrs. Meier, Seddon, Eayrs, Moore, Bryan and Thatcher.
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it was on vote ordered that final discussion of this matter be made the special

order for the next meeting.

President Meier here called Prof. Nipher to the chair, and presented a discussion

of a new tractor recently invented by H. L. Van Zile, an engineer of Albany,

Tvew York. The invention had resulted from certain mathmetical investigations,

and rendered it possible to make the total power, or pulling force, available for

traction. A model had been made, which easily mounted a 20 percent, grade,

while the same model, without the improvement, could ascend only a 10 per cenfc.

grade. In the discussion, Robert Moore called attention to the similarity of this

device to the Fell tractor, which was in successful use on the Summit Railway,

over Mount Cenis. Prof. Gale spoke of the probable advantages this motor would

have for street railway work, where the grades were serious, and where objec-

tions existed to the use of other forms of tractors.

Mr. C. H. Sharman then read a paper on " Borne Reminiscences Connected with

the Construction of the Union Pacific Railroad." Mr. Sharman entered the en-

gineering department of this road in 1S66 as rod-man, and remained on the work
in various capacities until the completion of the road iu 1869, when he held the

position of division engineer. A graphic description was given of the difficulties

met with in engineering construction at that day at points remote from civiliza-

tion. Considerable interesting engineering data was presented, but the paper in

general deviated somewhat from the strictly technical papers usually presented,

being of a more popular and entertaining character. The applause which was
given the author showed that the paper was fully appreciated.

[Adjourned.'] Wm. H. Bkyan, Secretary.

312th Meeting, October 23, 1839.—The club met at the Washington Uni-
versity at 8:10 p. M., President Meier in the chair; twenty-eight members and
two visitors present. The minutes of the 311th meeting were read and ap-

proved. The executive committee reported the doings of its 80th meeting,

recommending John Dean for election to membership. He was balloted for

and elected. The secretary announced an application for membership from
"Western R. Bascome, head draughtsman in the bridge department of the

city of St. Louis, endorsed by A. H. Zeller and J. A. Laird; referred to the

executive committee.

The secretary read a letter from the chairman of the board of managers
of the Association of Engineering Societies, proposing a meeting of the

board to consider the question of proposed affiliation with the American
Society of Civil Engineers. Prof. Johnson stated that this announcement
was made for the club's information, in order that an opportunity might
be given the club to instruct its members of the board regarding some plan
of united action.

Mr. H. A. Wheeler then presented some notes regarding the recent Euro-
pean trip of the American engineers. Some three hundred members of the
American Society of Civil Engineers, the American Society of Mechanical
Engineers, and the Institute of Mining Engineers took part. Mr. Wheeler
gave full particulars of the trip, beginning with the origin of the idea,

and describing the places of interest visited, the banquets given them,
particularly the one in Guild Hall, the ascent of the Eiffel Tower, together
with some particulars regarding the interesting works that were visited.

The special order of the day was then taken up, being the final discussion
of the proposition from the Public Library regarding permanent meeting
place, library memberships and general co-operation. The subject was thor-
oughly discussed, those participating being Messrs. Robert Moore, Holman,
J. A. Seddon, J. E. Johnson, Hubbard, Chas. W. Melcher, R. E. McMath,
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W. H. Bryan and Russell. It was then voted to lay the matter on the
table.

Mr. Seddon moved that a committee of three be appointed by the chair to

look into the question of a room for the club's use and report at the next
meeting, and that the club continue to meet at Washington University until
other arrangements were made. Seconded and carried. The President ap-
pointed J. A. Seddon, J. B. Johnson and Chas. W. Melcher such committee.
Mr. Johnson exhibited a test piece of iron, which had been welded by the

electrical process at the exposition, after which the meeting adjourned.
Wji. H. Bryan, Secretary.

313th Meeting. November 6, 1889.—The Club met at the Washing-
ton University at 8:10 p. M., President Meier in the chair; thirty-two Mem-
bers and five visitors present. The minutes of the 312th meeting were read
and approved. The Executive Committee reported the doings of its seventy-
sixth meeting, approving the application for Membership of Western R.
Bascome. He was balloted for and elected. The Secretary then read the
following report

:

The committee on permanent location of the Engineers' Club have to re-

port that out of a number of possible locations examined they regard the
following as offering decidedly the best inducement for the Club's acceptance:

To rent a room in the Laclede building, 16 by 22, for general headquarters,
library and reading room. This room, adjoining the office of Messrs. John-
son & Flad, can be gotten for ^20 per month, and can be suitably furnished
by funds now in the hands of the treasurer. Also, Prof. Johnson, having
charge of the index department, has agreed to leave the exchanges in the
room for the general benefit of the Club, and as librarian to keep the room
open for the issue of books to 6 p.m. In the same building, as a place of

meeting, the Elks' Club room may be obtained, and while the committee has
not yet been able to obtain final terms from the board of directors they are

satisfied that they will be favorable.
J. A. Seddon, »

[Signed] J. B. Johnson, [-Committee.
C. W. Melcher. )

After discussion by Messrs. Seddon, Gale, Wheeler, Hubbard and Hol-

rnan, it was voted to adopt the report. The Executive Committee was, on
vote, authorized to lease the room in question for one year, and to suitably

furnish it.

Mr. Winthrop Bartlett then presented an informal paper on the " Olive

Street Cable Road." The total length is 9.0 miles. The conduit is 39 inches

deep; the Johnson rail, weighing 65 pounds to the yard, is used. The speaker

gave the particulars of numerous details of construction. The road was
built at the rate of 274.2 feet per day, counting every day between the time

of starting and finishing. Interesting information on the subject of the

horse power required under varying conditions of service was given. The
enormous fluctuations of power were shown by an indicator card, in which
the power varied from 136 horse power to 609 horse power within one min-

ute. The percentage of power required to drive the cable only, as compared
with the total power used, was about 50 per cent., much lower than on
other roads. A number of practical points of experience were explained,

"with details of improvements that had been made. Messrs. Russell, John-
son, Seddon and Hubbard took part in the discussion of this paper. The
hour being late, it was ordered that Professor Potter's paper on " Fuel Gas"
be made the special order of the next meeting, Nov. 20.

It was moved and seconded that a committee of three be appointed by the
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Chair to prepare an amendment of the constitution regarding associate

membership. After discussion by Messrs. Seddon, Johnson, Russell, Moore

and Holman, it was ordered that the motion be laid on the table.

[Adjourned.] Wm. H. Bryan, Secretary.

WESTERN SOCIETY OF ENGINEERS.

October 2, 1889. — The 262d meeting of the Society was held at the

Society's rooms, 78 La Salle street, at 7:30 p. M., with some sixty members-

present.

In the absence of the President, Mr. Benezette Williams, C. E., was called

to the Chair, who at once suggested that a motion be made to waive the

regular order of business. This being done, in appropriate words he intro-

duced Mr. Cope Whitehouse to the Society, who, after thanking the meeting,

entered at once into his subject for the evening. The following is an abstract

of Mr. Whitehouse's paper under the head of

:

"IRRIGATION IN EGYPT AND THE KAIJAN RESERVOIR."

Startling as has been the advance of the Western world in rapid transit

of persons, merchandise and thought, the use made of water falling from

the mountains to the sea shows no corresponding progress. The engineering

works which here and there regulate the flow of a stream in the United States

are contemptible in view of what remains to be done, and with scant excep-

tion are below the level of even the minor modern constructions to be found

among those Oriental nations whom the American engineer has been often

taught to despise. It has been an essential feature of that modern philoso-

phy, which is popularly associated with the name of Darwin, that develop-

ment is an attribute of time. The mechanical engineer in the presence of

such stupendous triumphs as the ocean steamer, or the vast spans of many
a bridge, may fearlesslv challenge the past. It is, nevertheless, true that

the unbridled career of our rivers, great and small, exhibits a barbarism so

primitive that the founder of the Chinese Empire, who restrained the

Hoang-Ho, or Menas, who established civilization in Memphis, building

the city upon ground laid bare by the diversion of the Nile, would stand
aghast at the sharp contrast offered by advancement in the use of

steam, steel and electricity, with the utter neglect of that immense
force that represented to the rulers of the East so obviously individual

welfare and national empire. Those lords of the Nile would despise us
as slaves of the Colorado and the Mississippi, contented to submit with
supine tameness to the caprices of our water courses, as if these rivers

were not as amenable to control as the drainage basins of the Abyssinian
Mountains and the lakes of Central Africa. These questions of irrigation,

drainage and river transportation are hourly assuming greater importance.

They have attracted the attention of the American people. They are being
carefully studied. The problems will be solved and the difficulties sur-

mounted by that energy and febrile ingenuity which are characteristic of

our country. It cannot but prove interesting and instructive to examine
irrigation in Egypt, dependent upon that anomalous river which so long ago
exercised human thought, and continues to this day to present the same con-
flict between nature and man.
At the commencement of this century French engineers succeeded, in

supreme control, the Pharoahs, the Persians, the Greeks, and the Arabs.
Now the ultimate direction is in the hands of about ten British officials

trained in India. The native division engineers, however, are men of great
local knowledge, and practical as well as technical ability. Ali Pasha
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Mubarekh, now Minister of Public Instruction, was, when I first made his

acquaintance, Minister of Public Works. He is a conspicuous example of

success in amassing singularly vast stores of profound and varied knowledge
on all subjects connected with the engineering profession.

The current idea of the topography of Egypt is erroneous in the extreme. It

is not a sandy plain traversed by a river, whose inundation brings fertility to

the farthest parts reached by the life-giving stream. The pyramids are neither

in the river as Shakespeare says, nor in a sea of sand as Dr. Brugsch describes

them. The Nile Valley, to the south of Cairo, is sharply distinguished from
the Delta. The Nile itself is practically a double stream. The perennial

flow is maintained from the great lakes of Equatorial Africa; the inundation
is due to the rainfall on the Abyssinian mountains. The supply from the

end of February, for about three months, is .insufficient for the area under
actual cultivation. This is little more than one-half the extent cultivated

under the Pharaohs or the Ptolemies. The entire area of cultivated land is

artificially irrigated. The inundation of Middle Egypt is everywhere con-

trolled by embankments many thousand miles in extent. In upper Egypt,

as soon as the water rises out of its deep channel, it is allowed to flow into

districts of 50,000 to 80,000 acres. Should it afterward rise higher, it is ex-

cluded from these shallow pools, where the fertilizing alluvium is deposited,

while the villages with their palm groves rise above the water like

islands, each secured by its own wall of earth, strengthened by brick. The
high Nile thus becomes a menace. Its flood is forced into a comparatively

narrow channel, whose bounds it not infrequently bursts.

In the delta the inundation is wholly excluded whenever such summer
crops as cotton, sugar-cane and rice are growing. Canals supply enough
water for the crops. Scarcely one-twentieth of the whole discharge in flood

is utilized.

The missing factor in Egyptian prosperity is the great lake Moeris, de-

scribed by the ancient historians and depicted on their maps. The author's

discovery of theRaijan Valley, which formed part of this reservoir, offers a

means of controlling the flood waters of the Nile, and storing a sufficient

portion of its surplus to double the discharge of the river during the annual

drought. All the facts have been verified bv the Egyptian Government, and
reports have been made, based upon the official surveys by Sir C. C. Scott-

Moncrieff, author of the well-known book on Irrigation, Under Secretary of

State for Public Works ; Colonel Western, the Director-General of Works
;

Colonel Ross, Inspector-General of Irrigation ; Sir Edgar Vincent, late

Financial Adviser to the Khedive ; Nubav Pasha, late President of the Coun-

cil ; Colonel Ardagh, late Chief of Staff in the Army of Occupation, and
many others. Lord Salisbury, Sir J. Ferguson and Sir Evelyn'Baring have

attested the accuracy of these reports and have conceded the enormous
benefits which -would accrue to Egypt from the execution of the proposed

canal. The Khedive, with his strong love for the people under his care, has

always manifested an appreciative sympathy for my investigations.

The Raijan project is briefly a scheme to put the Nile in communication
with a depression, 250 square miles in area, in the desert to the west of the

Nile and about seventy-five miles south of Cairo. Its circuit of 230 miles is

bounded by plateaux of horizontal limestone, often rising to a height of

600 feet. Its soil is desert"sand overlying rock and yellow clay. About one-

tenth of the area is occupied by steep ridges of blown sand, sixty feet high.

It contains no inhabitants. To the south are two springs, warm and sul-

phurous, with a few date palms and a little coarse vegetation. Its greatest

depth is 153 feet below the Mediterranean, or about 250 feet below high Nile

in the adjacent valley. It can be readily utilized to relieve the Nile during
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flood, assist the drainage of Middle and Lower Egypt, and store water for

summer use from April to July.

The shortest and most direct channel through the Berek-Abu-IJamed hill

is six miles in length. This involves a tunnel or a cutting with a maximum
height of 160 feet. A longer, but in many respects easier route, by the

Myana pass is that which has been most fully considered. It has been sur-

veyed with great care and thoroughness. It requires the handling of about

3,500,000 cubic yards of sand, clay and soft rock, with an average delivery of

the material at 20 feet above the excavation. The same channel, with a

regulator and flood gates, will be used for both the intake and outflow. The
reservoir thus formed would contain about 20,500 million cubic metres, or

say, 5,000,000 million gallons. The average rise of the Nile is about 25 feet.

The stratum of water available without pumping would be 250 square miles

by 25 feet, less evaporation and loss of head. This would yield an average

annual supply of about 5,000 million cubic metres or say, 1,250,000 million

gallons—equal to a daily delivery of 12,000 million gallons during the sea-

son of low Nile. The present minimum supply on which the whole export

crop of Egypt depends—its cotton, rice and sugar-cane—is about 20 million

cubic metres per diem, or less than one-half the amount which could be

profitably employed. The Raijan reservoir would more than double the

normal flow of the river at this season. The water is now economized in

Upper and Middle Egypt as well as'.in the Delta. The demand for an in-

creased quantity is immediate and pressing. On the completion of the sys-

tem of Barrage canals it will require an increase of two-thirds of the pres-

ent supply to cultivate the land which will be oftered for summer cultiva-

tion. The total possible increased area of cultivated land has been officially

put at 3,000,000 acres. The total volume of Egyptian produce would probably
be nearly doubled. Sanitary questions have their economical aspect. The
death rate now rises to 92 per 1,000—yet Alexandria was reputed in the

Roman days to be the healthiest city on the Mediterranean, while the

neighborhood of Cairo and Memphis was famed for its salubrity. The pres-

ervation from disaster is a material consideration. The loss by the ex-

cessive inundation has reached $5,000,000, while the insufficient Nile last

year was officially declared to have cost $1,500,000.

It may, therefore, be safely stated that a reservoir and canal of escape can
be contructed for $2,500,000. It would not require more than one year to

make the canal, and probably three inundations would suffice to fill the basin
without prejudice to the interests of the present cultivated area. This rep-

resents an addition to the wealth of Egypt of not less than $500,000,000 per
annum.
The interest of this paper was enhanced by a series of lantern slides,

chiefly from photographs taken by Mr. Cope Whitehouse. They included

a series of maps of Egypt, from Papyri, Greek, Arabic and mediaeval manu-
scripts, down to the map of the Egyptian Government, embodying his dis-

coveries. These were followed by selected points of interest on the line of

the canal, in the desert, or in that vast adjacent depression—the Fayoum—
whose redemption has always been attributed to the Patriarch Joseph-
son of Jacob—founder of the temporal prosperity of the Jewish nation, and
reputed to have been the foremost engineer of ancient days. His dykes, canals
and other works were shown to have remained in continuous operation down
to the present day, on a scale of grandeur and with an element of persistence
which prove the soundness of judgment as well as the boldness of concep-
tion of the engineer who designed and the government which executed
them.
At the conclusion of the paper Mr. Whitehouse was questioned as to the
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geology of the Nile and the basin he had discovered, to which he replied at
length, stating that no satisfactory explanation had been afforded of the
origin of the basin. He also further explained some of the physical condi-
tions of the Nile.

Being asked as to any financial plan having been devised for carrying out
the works, he stated that the money could be obtained without difficulty,

but the impediments to immediate work were personal ones, in that an
American layman had made the discovery and had pushed the enterprise in
the face of a large array of engineering talent and official control. The de-
tails of this feature of the enterprise were interesting and amusing.
The Secretary suggested to the Society that Mr. Whitehouse had given

much study to the pyramids and their construction, upon which he was
cordially asked to continue his discourse, though the hour was late.

Mr. Whitehouse. then explained his theory with regard to the construc-
tion of the pyramids, to the great interest of the meeting. To sum up in a
few words, he considered them monoliths cut down from conical hills on the
spot and revetted with the rock obtained in the process.

It was 11:15 p. m. when the Society adjourned, after a unanimous vote of
thanks to Mr. Whitehouse. John W. Weston, Secretary.

CIVIL ENGINEERS' CLUB OF CLEVELAND.

October 8, 1889.—Meeting called to order by President Warner. The
minutes of the preceding regular meeting of September 8 were read and
approved.

Mr. C. G. Force made a motion that a committee be appointed by the
President for the purpose of conferring with a like committee of the Ameri-
can Society of Civil Engineers, with a view to co-operation in work.
Mr. Warner, President, appointed Messrs. W. H. Searles, John Whitelaw

and A. Mordecai to serve on the committee.

C. L. Saunders, G. W. Vaughan and C. S. Howe, applicants for member-
ship of the Society, were favorably reported by the Executive Board.

Mr. J. H. Dow, of Cleveland, read a paper entitled " Notes on a New Com-
pound Steam Turbine," which was discussed by members of the Club.

A vote of thanks was accorded to Mr. Dow for his interesting paper, he
not being a member.
Mr. N. S. Possons then read a paper on " Electric Motors as Applied to the

Propulsion of Street Cars," which was fully discussed.

[Adjourned.] Chas. O. Palmer, Secretary.

CIVIL ENGINEERS' CLUB OF CLEVELAND.

November 12, 18S9.—Meeting called to order, President Warner in the

chair.

The Secretary read the minutes of the previous meeting of the Club,

which were approved.

The Executive Board and Committee on Membership having recom-

mended Charles Sumner Howe, George Washington Vaughn and Cecil L.

Saunders be admitted into active membership of the Club, a ballot was
taken which resulted in their unanimous election.

A communication from the Executive Board was read recommending that

William B. Cleveland, Royal Gurley, Hiram A. Tucker, and Herman Poole

be admitted active members of the Club.

Mr. W. H. Searles, Chairman of the Committee on Engineering, made his

report in substance as follows (the written report of the committee was not
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at hand, being in the possession of one of the committeemen not present)

:

The committee felt that any overtures having in view the matter of a

closer alliance between the Club and the American Society of Civil Engineers

should properly come from that society. A closer alliance with other

societies was also recommended.
Mr. Mordecai offered the following resolution, which was adopted :

" That
the Chairman of the Committee appointed at the last meeting of the Club be

requested to communicate with the Committee appointed by the American
Society of Civil Engineers, and state to them that this Club will receive and
carefully consider any communications they may be pleased to make looking

toward closer affiliation with that Society.

The paper of the evening entitled "Recent Developments in Steel and Iron

Manufacture" was read by Mr. Geo. Bartol.

Mr. Force made a motion that the members meet again on November 26,

1889, for a further discussion of Mr. Bartol's paper : Also for the reading of

of papers—one by Mr. Warner entitled " Stellar Photography," and one by
Mr. N. B. Wood, entitled " Facts and Speculations regarding the Planet

Mars." Carried. It was the intention that these papers should be read at

this meeting as supplemental papers, but the time necessarily consumed in

the elucidation of Mr. Bartol's points rendered it impracticable without con-

tinuing the meeting beyond a seasonable hour.

A motion to adjourn by Mr. Wood was put and carried, Vice-President

Thompson in the chair. C. O. Palmer, Secretary.

MONTANA SOCIETY OF CIVIL ENGINEERS.

October 12, 18S9.—Pursuant to a call issued by the President, the 8th inst.,

a special meeting was held at 8 p. M., at the office of Mr. E. H. Beckler, Chief

Engineer Montana Central Railway, President B. H. Greene in the chair.

There were present Messrs. Wheeler, Helmick, Herron, Foss, Cumming,
De Lacy, Haven, Sizer and Keerl.

The meeting was called to take action upon a communication of Aug. 7,

1889, from Mr. William P. Shinn, Chairman of the Committee on Re-
vision of the Constitution and By-Laws of the American Society of Civil

Engineers, and for the appointment of a Nominating Committee to name
officers for the ensuing year.

The communication from Mr. Shinn called attention to certain resolutions

adopted by the American Society of Civil Engineers at its annual conven-
tion held at Seabright, N. J., on June 24, 1889, and especially to the fifth

resolution, which authorized his " committee to confer with any committee
appointed for the purpose by the local engineering societies," with a view of

determining whether a satisfactory basis can be established for affiliation

therewith, and requesting that a committee representing this Society be ap-

pointed for the purpose of conferring with his committee on the subject of

the resolution.

A communication was read from the committee of the St. Louis Engineers*
Club, appointed in conformity with a similar request, inclosing the minutes
of the Club's meeting of Sept. 11, 1889, setting forth the action of that Club
upon the question of affiliation, being favorable to the movement.
The article by Prof. J. B. Johnson, M. Am. Soc. C. E., upon " An American

Society of Civil Engineers " was read from the Railroad Gazette of Aug. 23,

1889, and was recognized as a very able and comprehensive review of the
question of affiliation. Discussion upon the general subject ensued at some
length.
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Mr. Sizen moved, that it is the sense of this Society that an affiliation

with the American Society of Civil Engineers would be desirable. Carried.

Mr. Haven moved that a committee of five be appointed to consider the
subject, and to report at the regular meeting of the 19th inst. Carried. Com-
mittee named: Messrs. Haven, Sizer, Foss, Herron and Keerl. Mr. Haven
moved that the Secretary be instructed to convey to Mr. Shinn the action of

this meeting. Carried.

The Chair named the following to constitute the Nominating Committee
to name officers for the ensuing year: Messrs. Wheeler, Wilson and Page.

A letter was read'from Mr. Charles G. Griffith, suggesting the advisability

of this Society taking steps looking to securing improvements in the manner
of conducting public land surveys, and requested a consideration of the sub-

ject at the meeting of the 19th inst. The Secretary was instructed to notify

Members that the subject would be presented at the next regular meeting.
[Adjourned.'} J. S. Keerl, Secretary.

October 19, 1889.—The regular monthly meeting was held at 8 p. M. at the

office of Mr. E. H. Beckler, Chief Engineer Montana Central Railway, Presi-

dent B. H. Greene in the chair. There were present Messrs. Haven, Kelley,

Foss, Griffith, Wheeler, Herron, De Lacy, Keerl, and as visitors Messrs Mc-
Rae and Brown.
The minutes of the meeting of July 20 and of the special meeting of

Oct. 12 were approved.

An application for membership was read from Charles F. Pearis; filed and
letter ballots ordered.

Col. De Lacy, of the Committee on Memorial to the Constitutional Con-
vention, made a verbal report and submitted the Memorial which had been
presented to the Convention. The Memorial asked for the establishment of

the office of State Engineer, which the Convention concluded should be left

to the action of the Legislature. Report accepted, Memorial filed, and com-
mittee discharged.

A report was submitted by Col. De Lacy, Chairman of the Committee on
Irrigation in Montana, stating that they had prepared a report with maps,
covering the present condition of irrigation in Montana, and had presented

the same to the U. S. Senate Committee on Irrigation at their Helena meet-

ing. It consisted of three parts, viz., first, the general report ; second, a de-

tailed report of each county, and, third, a recapitulation. The reports were
ordered filed and committee discharged.

Colonel DeLacy, Chairman of the Committee on Public Land Surveys, read

as a preliminary report a very interesting paper upon the history of public land

surveys, in which he suggested several improvements in the service. He re-

ferred particularly to the loose manner in which many surveyors of public

lands, who worked under contract, were in the habit of executing surveys
;

how work was done or left undone and money collected by them for such
work. He suggested as a remedy that the Government appoint a regu-

lar survey bureau in each survey district, consisting in addition to the Sur-

veyor General and staff of a competent public surveyor and topographer,

who shall be in the regular employ of the Government under salaries. After

a discussion of the subject at some length, Mr. Charles G. Griffith was added
to the Committee on Public Land Surveys, and the Committee authorized to

draw up a memorial to Congress concerning the matter. The question as

to advisability of the Committee securing the co-operation of all sections

in which public land surveys were being made was discussed. Mr. Kelley

moved that the Committee be authorized to proceed in such manner as in
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their judgment seems best, with request that they make a report at the next
regular meeting. Carried.

Mr. W. A. Haven, Chairman of Committee on Affiliation with the Ameri-
can Society of Civil Engineers, submitted the following report :

To the President and Members of the Montana Society of Civil Engineers.

Gentlemen: Your committee, to whom was referred the communication
of August 7, 1339, from Mr. William P. Shinn, Chairman of the Committee
on Revision of the Constitution and By-Laws of the American Society of

Civil Engineers, relative to the question of an affiliation with that Society,

would respectfully make the following report:

"We have held two meetings and have discussed the various features that
would appear as controlling this movement, and while being fully agreed
that an affiliation which would create a closer union of all engineering-

societies would be accompanied by great "advantages to the profession at

large, and tend to forward it to that assertive position which its importance
to the public would appear to justly demand, we would deem it unwise at

this early day in the consideration of this question to advise the adoption by
this Society of a basis upon which it would indorse an affiliation to which it

might feel itself for the future committed.
Appreciating the scope of this movement, and with the main purpose of

considering its possible relation to the Association of Engineering Societies,

Mr. Benezette Williams, Chairman of the Board of Managers of the Associa-

tion, by letter of Oct. 8, 1889, to our member of the Board, has suggested

that a meeting of the Board be held in November to discuss this question,

and to act upon other business vital to the welfare of the Association.

By letter of October 11, 1889, from Mr. Shinn, Chairman of the Committee
of the A. S. C. E., we are advised that further time will be granted for the

consideration of this question than at first named.
We would therefore recommend that this Society secure representation at

the proposed meeting of the Board of Managers of the Association of En-
gineering Societies, believing that such Board is in a position to more thor-

oughly discuss and more competent to suggest a basis for affiliation than
the individual societies ; and further, that a Committee of three be appointed
to confer with the Committee of the A. S. C. E., as requested by letter from
Mr. Shinn, of August 7, 1889, and that the Chairman of such Committee be
named as the representative at the proposed meeting of the Board of Man-
agers of the Association of Engineering Societies, that proper co-operation

between the Society's representatives upon this question may be secured.

Your Committee are of the opinion that one of the most useful ends that

would appear as practicable of attainment—should an affiliation be per-

fected—would be the establishment of a Circulating Engineers' Library, and
centrally located, to be readily available to all the societies included in the

affiliation ; and we would further recommend that the above-named repre-

sentative and committee be instructed to use every effort that may appear

advisable looking to'such accomplishment.
W. A. Haven, ]

G. O. Foss,
John Herron, y Committee.
F. L. Sizer,

|

J. S. Keerl, J

After a discussion of the question Mr. Kelley moved that the report be
adopted and committee discharged. Carried.

The chair appointed Messrs. Haven, Herron and Keerl a committee to

«onfer with the committee of the American Society of Civil Engineers upon
the question of affiliation.

Mr. Foss stated that Mr. Haven had addressed to the Committee on
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Affiliation a willingness to represent the society at the proposed meeting of

the Board of Managers of the Association of Engineering Societies, as he
expected to be East during November.
On motion of Mr. Herron, Mr. Haven was authorized to represent the

Society at the proposed meeting of the Board.

Mr. Keerl moved that a Committee on Membership be appointed and
entrusted with the duty of looking to the enlargement of the Society, through
endeavors to have embraced by the membership all engineers of good stand-

ing who claimed residence in Montana. Carried. Committee named Messrs.

Walter S. Kelley, of Helena; Jos. H. Harper and John Gillie, of Butte.

[Adjourned.'] . J. S. Keerl, Secretary.
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NOTES ON A NEW COMPOUND STEAM TURBINE.

By J. H. Dow.
[Bead before the Civil Engineers' Club of Cleveland, October 8, 1889.]

The new motor which you kindly permit me to show you is a compound
steam turbine. It has six compoundings, and consequently uses the stearr<

six times over ; but the method of its construction would have permitted

any desired number of compoundings. Its weight, as it stands,* is 68

pounds. It has been used to run an elevator, a pump, a dynamo. Wider.

ranning the elevator it developed 4,450 foot pounds of work for eacK

pound of steam pressure. At this rate 70 pounds pressure performs abou^
10 horse power of work. The consumption of boiler feed water required

to run the turbine at 70 pounds pressure is 585 pounds per hour, but tht

net evaporation is fully 20 per cent, less than this, or 468 pounds per hour,
if two calorimeter tests, taken at another time, correctly show the aver-

age dryness of the steam. The consumption of steam per actual horse-

power per hour would then be -777-= 47 pounds.

Very recently this turbine has been coupled to the lighting dynamo &i

the Chisholm Steel Shovel Works, and with 70 pounds of pressure in the
steam chest, it has run the 13 arc lights of the works at their full brill-

iancy.

The speed of the turbine when running the elevator was 21 ,000 revolu-

tions per minute; when running the dynamo with a 13-light current the
speed was between 16,000 and 17,000. In each case the speed was reduced
by gears at an undetermined waste of power.
Without gears, but by direct coupling, the turbine has successfully runs

a specially constructed rotary pump at a working speed of about 10,000

revolutions per minute, and the power developed was apparently as great

as at the higher speed with gears. The speed of highest efficiency ie

theoretically more than 25,000 revolutions per minute, if the half velocity

of the issuing steam determines the best velocity of the wheels ; but I

suspect that other factors enter into that problem, and that satisfactory

work may be done over a large range of speeds.

The spindle and propeller wheels which I hold in my hand constitute

*The motor stood upon a table in front of the audience.
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the entire running parts of the pump, which you, Mr. President, and
several of the gentlemen present have seen in operation,* I will not say
.just how much water these wheels throw per minute through a three-inch

nozzle, but it is more than 20 barrels.

The power of the steam turbine is explained by the principle that a jet

• f steam blowing into a vacuum will throw its whole energy into momen-
tum. If. therefore, a turbine could be made which would utilize the en-

tire momentum of the steam jet it would be equal in efficiency to a theo-

retically perfect piston engine. But the extreme lightness of steam com-
pels a greater speed of motor than has ever been successfully used; and the

elasticity of steam, as contrasted with the non-elastic nature of water,

compels the compounding of the steam turbine, though compounding the

water turbine would destroy its efficiency ; for the momentum of the

steam, though checked by the first series of buckets, recovers itself in-

stantly by expansion, and must be [checked again and again by succes-

sive series of buckets until the steam has spent its expansive force.

Prof. Webb, of the Stevens Institute of Technology, says that the

steam turbine may develop mechanical energy '

' with a high degree of

economy," provided that the difficulties of mechanical construction can
be overcome. He says also, "The advantages of a successful turbine

are too apparent to need mention, and I hope to hear of progress in this

direction."

Whether my new turbine is along this line of progress you may better

judge after the following
DESCRIPTION.

Fig. 1 is an end elevation of the motor without the cover and end
wheel. The lay out of the stationary chutes, or guide plates, of the tur-

bine is shown in full lines. Dotted lines show the wheel buckets.

Fig. 2 is a longitudinal section of the motor. The arrows show the

direction of flow of the steam.

The interior of the shell is divided into three chambers by two parti-

tions PP parallel with the covers. The central chamber A receives five

steam by the steam pipe entering at the top. The chambers B B next to

-the covers are for exhaust steam, which is discharged from both

i-hambers through a single exhaust pipe E, which leads from a connect-

ing passage between the chambers. The driving spindle D is concentric

with the chambers, and is journaled in the hubs of the covers. It carries

at the inner end of each exhaust chamber an aluminum bronze wheel

IF W of about 5i inches diameter, whose inner face has six circular

rongues and grooves concentric with the wheel. Into these engage simi-

lar tongues and grooves cut upon the outwardly presenting faces of flange

disks F F, which are secured by screw threads into the partitions. All

rongues bottom in their grooves, but they are separated from each other

at the sides by annular spaces, the grooves being considerably wider than

she tongues. Each tongue upon disks is cut slantingly across at regular

spacings by steam passages . analogous to the guide plate vents of water

turbines; and similar passages, but inclined oppositely to these, cut across

* There are^two propeller wheels, a right and a left, mounted on a single shaft.

Each wheel^weighs 634 ounces. The total weight of wheels, spindle, and coupling to

.*ODnecttheniwith*motor spindle is two pounds three ounces.
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the wheel tongues like the bucket vents of water turbines. The wheels

W W have long hubs, inward projecting; and the bore through the

flange disks FF is large enough to leave annular steam passages around

the hubs. The hubs clamp a plain disk d between them on the spindle

midway of the steam chamber, and this disk runs with equal clearance

between the stationary rings r r. These two clearance spaces are the

two steam ports, as shown by the arrows in Fig. 2.

Each port supplies only its own wheel with steam, which flows inward

to the wheel hub, then along the annular space surrounding the hub to

the inner series of buckets. These deflect its course, check its velocity,

and receive impulse by the reaction. The checked steam is then easily

reversed in its direction by passage through the first series of stationary

chutes, which have, as in every series, a much larger aggregate area of

discharge than the adjacent bucket vents. While the steam is passing

through the chutes expansion is accelerating the velocity of the flow, to

be again checked by reaction upon the second series of buckets. And so,

check by ree ction, and acceleration by expansion, alternate, until finally

the spent steam escapes from the circumference of the wheels into the

exhaust.

An extremely slight end play is given to shaft, wheels and central disk,

so that any disturbance of steam balance upon the opposing wheels will

crowd the central disk toward one or other of the stationary rings r r.

This movement partly closes the port leading to the overpressed wheel, at

the same time opening wider the other port, and the equilibrium restores

itself. In practice an end play to the shaft and wheels of .005 of an inch

is sufficient to prevent frictional contact of wheels against their seats.

The annular spaces between buckets and stationary vents insure con-

stant flow of steam and its even distribution around the circumference at

each compounding; and whenever the speed of the wheels is below the

normal, due to the velocity of the outflowing steam, there will be a circular

rush of steam around these annular spaces, which will impinge against the

buckets and thereby assist to propel them. Hence the annular spaces en-

large the range of effective speeds.

The advantages claimed for this compound steam turbine are: extreme

simplicity, compactness, lightness and cheapness; freedom from friction,

and perfect steadiness of pull with consequent smoothness of action; also, ex-

traordinary storage of power in the momentum of the steam wheels (about

10,000 foot pounds), giving unusual steadiness under sudden changes of

load.* In comparison wfih the reciprocating piston engine the steam turbine

has the advantage that no part is subject to alternate heating and cooling;

hence, steam expansion operates under more favorable conditions, and

may give better results. The turbine may use the highest steam pressure

with advantage, for its normal speed under high pressure dense steam

does not greatly exceed the speed required for the rarer steam of low press-

ure. The gyroscope principle is extremely developed by the steam tur-

bine, and may yet be utilized with startling effect. But undoubtedly the

first call for the perfected steam turbine will be to run the dynamo by

direct couplings.

*A 1,000 pound fly wheel of usual proportions, running 150 revolutions per minute
would store about 8,000 to 9,000 foot pounds.
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Fig. 3 is from a photograph of the motor and reducing gears which

drive the dynamo. The motor is the cylinder with bulging covers at the

right-hand end of the bed plate. In line with the motor-driving spindle,

and coupled with it, is a small pinion, not seen in the cut, which runs

between the two wide, triple-toothed gears at the right of the train, and

engages into both. The power is then transmitted, half by one gear shaft

and half by the other, to the pinions at the left of the train, both of which
drive the gear between them with its shaft. This shaft runs at the speed

of the dynamo, whose armature it drives by direct coupling. The total

weight of motor and gears, mounted as shown, is about 400 pounds. The
floor space occupied is 2 feet 9 inches X 1 foot 6 inches.

At a not distant future day you may receive a report of tests of the

efficiency of this turbine more accurate and reliable than any which I
can give you. Nearly all the tests which I have made have been com-
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parative, not absolute ; but by their aid I have improved the motor, little

by little, to ten-fold its first efficiency. Without doubt, it may. and will,

be further improved.

In conclusion, accept my thanks for the courtesies of this evening.

The discussion on Mr. Dow's paper was briefly as follows

:

Mr. J. H. Dow : This machine has developed ten horse power.
Mr. C. G. Force : I was present at a measurement of the number of revolu-

tions the wheel of the machine made for a minute—23,000 being the number
noted. Afterward it was run still faster.

On examining one of the wheels my first impression was that it was
" Barkers Cylindrical Mill," multipled. I would like to ask if I am correct.

Mr. Dow : The Barker mill has commonly used water as the propelling

fluid. The operation of steam is radically different from water, because
steam is elastic while water is non-elastic. If I put water pressure in that

turbine I fail to get any power at all ; for all the force of water will be ex-

pended upon the first series of buckets, and succeeding series are worse than
useless ; they are hindrances. On the other hand, the expansive energy of

steam instantly renews momentum after each check at the successive series

of buckets.

In the respect of reactions this motor is like the Barker mill ; but it is un-

like the Barker mill, and like the water turbine, in that the steam first flows

between stationary guide plates, and operates upon the buckets by impact
in the direction of their motion, before reacting from them in the opposite

direction. This double action of the fluid upon the buckets gives, theoreti-

cally, to the turbine double the efficiency of the Barker wheel.

Mr. Barber : The old " Hero" engine was made on the principle of the

Barker mill. It was illustrated in our books on the early steam engine.

The steam flows out of pipes and reacts against the wheel. I suppose the

theory of it is that the steam is admitted into the pipe and the pressure is

equal on all sides of it, and the operation is reactionary.

Mr. Dow : It may be reactionary in a certain degree, but the impact is di-

rectly on a little feather, which is contrary to the operation of the Barker
mill.

Mr. Force : That feather you speak of is stationary as I understand.

Mr. Dow : One part of the steam turbine is stationary ; the other re-

volves.

Mr. Barber : As I understand the turbine wheel, it is a combination of

two principles : the reactionary principle of the Barker mill and also the im-

pact system of the overshot wheels or any of the water wheels—simply a

combination of these two.

Mr. W. H. Searles: I have had the pleasure of seeing this machine work,
and the impression I get here to-night is that one must see it work in order

to appreciate it. No written description or diagram will convey to the mind
the wonderful performance of this little machine. I was invited to witness

its operations and went with some misgivings. Like others, I had little

faith in the motor. I saw the parts separate and afterward in motion, and
caught the idea at once, and must admire its simplicity and great efficiency

I certainly have great hopes of this little machine filling a place in the me-
chanical world that has hitherto remained unoccupied.

Mr. Wood : What is the effect of its running so extremely rapid ? Is it

noisy ? Is it difficult to hold in position ?

Mr. Searles : The machine runs almost noiselessly, and, as was described

in the paper, it so regulates itself that the motion is steadied.
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Minutes of the Meeting of the Board of Managers of the Association of Engi-

neering Societies, held in Chicago, December 3 and 4, 1889.

Chicago, December 3, 1889.

The meeting was called to order by the chairman, Benezette Williams,

of the Western Society, and J. B. Johnson, of the Engineers' Club of St..

Louis, was elected secretary pro tern.

There were present : Benezette Williams and L. P. Morehouse, of the

Western Society ; S. E. Tinkham, of the Boston Society ; W. H. Searles, of

the Cleveland Club ; Wm. B. Knight, of the Kansas City Club, and Wm. H.
Bryan and J. B. Johnson, of the St. Louis Club, these being a quorum for

the transaction of business.

The Chairman stated the object of the meeting to be the election of officer*

of the Board, making a new, or renewing the old, arrangement for the

publication of the Journal, and to consider the question of a closer affilia-

tion of the engineering societies of the country.

After a general discussion of the powers of this Board and the desira-

bility of a national organization of engineering societies, it was moved by
Mr. Knight that a Committee of three be appointed by the Chair to formu-

late amendments to the present Articles of Association, and report; at an
adjourned meeting.

The motion prevailed, and Messrs. Tinkham, Searles and Bryan were
appointed as such committee.

It was moved by Mr. Johnson that the Chairman appoint a Committee of
this Board to prepare an address to the various engineering societies of this

country on the subject of a national organization and to submit a progress

report to an adjourned meeting of this Board for approval.

Messrs. Johnson, Knight and Searles were appointed on such committee.
The Board then adjourned to meet on the following day.

December 4, 1889.—The Board was called to order by the Chairman.
Present, Messrs. Williams, Morehouse and Gottlieb, of the Western Society;

Tinkham, of Boston ; Searles, of Cleveland ; Knight, of Kansas City, and
Johnson, of St. Louis.

Mr. Searles reported the following amendments to the Articles of Associa-

tion:

Amendment I.—Upon application to the Board of Managers by any Society

member of this Association, the Board shall have power to lay before the

several societies any question of scientific, technical or professional

interest, with the request that each Society investigate the subject named,
and report upon the same to the Board by a certain date. Upon the receipt of
the several reports the Board shall formulate a general report embodying
the facts and in accordance with the general sense and tenor of the local

reports, and this report shall be published in the Journal as the sense of

the Association.

Amendment II.—The Board of Management may make recommendations
on any subject affecting the policy of the Association or the mutual rela-
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oions of the participating societies, and submit the same in the form of reso-

lutions to be acted upon by the several societies. If these resolutions be
idopted by two-thirds of the societies, they shall become the law of the
Association, and binding upon all participating societies.

The report was accepted and the committee discharged.

The amendments were then adopted by the Board, and the Chairman was
instructed to submit them to the several societies in the Association for their

ratification.

Mr. John W. Weston submitted the following proposition for publishing

the Journal :

Chicago, 111., Dec. 4, 1889.

To the Board of Managers of the Association of Engineering Societies: •

Gentlemen:—I hereby propose to publish the Journal of the Association of

(Engineering Societies, for one year, in similar form and typography to that here-

tofore obtained, subject to all the conditions now incorporated in the contract with
"he Railroad Gazette, hereto attached, for the sum of $2.75 for each subscriber in the

Association, and for $3.00 for outsiders. I further propose to endeavor to increase

fche income of the Journal from advertising and other sources, to perform all the
duties of the Secretary of the Board, and at the end of the year to open to the inspec-

tion of the Board all the expenses and accounts of the year's transactions.

Signed, John W. Weston.

After a general discussion, the proposition was accepted, to take effect

with the April number of the Journal.
Mr. Johnson made a progress report for his committee, outlining a scheme

for the formation of a federation ofall engineering societies in America, and
the skeleton of an address to such societies on this subject.

The Committee was continued and instructed to perfect the address and
submit it to all the members of the Board for their approval.

The Board then proceeded to the election of officers.

Mr. Benezette Williams was unanimously elected Chairman and Mr. John
W. Weston Secretary, his duties to begin with the transfer of the duties of

publisher to him by the Railroad Gazette.

The following resolution was unanimously adopted :

Resolved, that the thanks of this Board be extended to Mr. H. G. Prout
for his long and efficient services as Secretary, and that we regret the ter-

mination of his official relations with the Board.

The Board then adjourned to meet at the call of the Chairman.

J. B. Johnson, Secretary pro tern.

ENGINEERS' CLUB OF ST. LOUIS.

314th Meeting.—November 20, 1889 : The Club met in the large hall of the

Elks Club, Laclede Building, at 8:15 p. M., President Meier in the chair;

bhirty-nine Members and five visitors present. The minutes of the 313th

meeting were read and approved. The Executive Committee reported the

doings of its 77th and 78th meetings. The Secretary announced an applica-

tion for membership from R. S. Conlon, civil engineer in the office of John-

son & Flad. This was referred to the Executive Committee.
The amendments to the by-laws, which had been announced by mail one

kveek previous, were then taken up. The Secretary read the sections as they

were now and as they would stand as amended. It was moved and seconded

that these amendments be adopted. It was on vote ordered that the amend-
ment be amended so that the increase of initiation fee take effect after Janu-

ary 1, 1890. The amended section of the by-laws would then read as follows.
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Sec. 2. After January 1, 1890, the initiation fee shall be ten dollars ($10).

The annual dues shall be fixed at the beginning of the year by the

Executive Committee, but such dues shall not exceed for resident members
ten dollars ($10), and for non-resident members, six dollars ($6). Members
elected after the last meeting in June shall have the option of not taking

the Journal for that year, and having three dollars ($3) deducted from their

annual dues of that year.

The amendment as amended was then voted upon and carried ; moved
and seconded that this vote be reconsidered ; laid on the table.

The club then proceeded to ballot for a committee on nominations of

officers, which resulted in the election of Messrs. Robert Moore, R. E.

McMath and M. L. Holman. It was on motion ordered that the chair

appoint a standing committee of five to consider all questions regarding

library and reading room. It was on vote ordered that the chair also

appoint a standing committee of three on future permanent location. The
chairman announced that he would appoint these committees during the

week. The secretary announced that arrangements had been perfected

with the Elks Club, by which a meeting place could be had as desired on

payment of §5 per evening.

Mr. Robert Moore then addressed the club on the subject of "Railway
Culverts." This question was usually given too little attention. The speaker

described the various forms of culverts used, with the advantages and disad-

vantages of each ; also stated the methods of determining the size and best

mode of construction. He stated that sewer pipe, while admirably adapted
for small culverts, should not be used over 15 inches in diameter. For larger

sizes cast-iron pipe answered well. Cast-iron pipe which had been con-

demned for heavy pressures, was being largely used for this purpose. Mr.

Moore also presented a diagram, based on Kutter's formula, using a value

of 17 for n, bearing in mind that one inch of rainfall per hour is equivalent

to one cubic foot per acre per second. In the discussion, Mr. Ferguson
described a number of practical points of difficulty he had met with. The
discussion was also participated in by Messrs. J. A. and W. L. Seddon, M. L.

Holman and A. W. Hubbard. Mr. Holman stated that iron pipe for this

purpose was being made as large as six feet in diameter and ten feet long,

being lighter and of a poorer quality than the pipe used for water service.

Messrs. Johnson & Flad then extended to the club an invitation to meet
after the close of the meeting, in their office adjoining the club rooms on

the third floor of the Laclede Building.

[Adjourned.] William H. Bryan, Secretary.^

315th Meeting—December 4th, 1889 : The annual meeting was held in

Elks Club Room, at 8.15 p. M., Vice-President Nipher in the chair; thirty-one

members and three visitors present. The minutes of the 314th meeting were
read and approved The Executive Committee reported the doings of its

79th meeting, at which the privileges of Edward Hall, who had been elected

to membership, but had not qualified, were declared forfeited, and the ap-

plication of R. S. Conlon for membership had been approved. Mr. Conlon
was then balloted for and elected. An application for membership was
announced from B. H. Colby, in charge of surveys, sewer department, city

of St. Louis, indorsed by J. B. Johnson and R. E. McMath. This was re-

ferred to the Executive Committee.
Mr. Seddon, chairman of the Committee on Library, announced that

arrangements had been made to keep the club room open from 7.30 to 11 on
Saturday evenings.
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Mr. Robert Moore submitted the following report from the Standing
Committee on Collection of Local Engineering Data:

PROGRESS REPORT OF COMMITTEE ON LOCAL DATA.

At the meeting of the Engineers' Club, May 1, 1887, the following was
adopted

:

Whereas, The collection and exchange of data are a proper mission of

the Club,

Resolved, That a standing committee be appointed to compile a book of

local data to be presented for publication at the next annual meeting—the
book to contain such information in regard to the materials of engineering
in use in St. Louis and vicinity as can be collected, and other memoranda of

a local nature useful to engineers, the committee to call on such members as
it may select for assistance in the compilation.

Notes on the following subjects have been contributed by members:
Excavation, pile driving, and brick concrete and stone masonry. Labor and
cost of, by Thomas McMath and C. V. Munn.

Specific gravity and absorption of stone and brick, by S. F. Burnet.
Analysis of stones, clays and cements, by T. J. Caldwell.

Surface drainage and city sewer practice, by[R. E. McMath.
Average and extreme rainfall, by F. E. Nipher.

Sediment, hardness and chlorines of river water. Average and extreme
stages of river at city. Periods of suspension of navigation by ice, by J. A.
Seddon.

Fuel required to heat buildings, by E. D. Meier.

Cost of earth borings, by J. A. Seddon.
Miscellaneous notes, by M. L. Holman.
Prof. Potter has in preparation a large collection of data on the fuels of

St. Louis ana vicinity. S. B. Russell, Chairman.

It was ordered that the committee be continued and requested to present

a final report as soon as convenient.

The Special Committee on Nominations of Officers for the coming year re-

ported as follows : For President, F. E. Nipher ; Vice-President, Geo.
Burnet ; Secretary, W. H. Bryan ; Treasurer, Chas. W. Melcher ; for Direc-

tors, E. D. Meier and S. B. Russell ; Librarian and Manager, J. B. Johnson ;

Manager, J. A. Seddon.
The report was accepted and the following additional nominations were

made : For Vice-President, S. B. Russell ; for Director, F. H. Pond.
Prof. Nipher announced that Prof. T. C. Mendenhall, Superintendent of

the Coast Survey, would visit St. Louis soon. Ordered that the president

extend an invitation to Prof. Mendenhall to address the club on any subject

that he might choose; ordered also that the club extend to Prof. Mendenhall
a banquet while in St. Louis; ordered that a committee of three be ap-

pointed to arrange for this banquet. The president appointed as such com-
mittee, E. A. Engler, Ed. Flad, W. W. Penney.
The annual reports were then presented from the Executive Committee

—

Secretary, Librarian and Treasurer; the latter being referred to the Execu-
tive Committee to be audited.

ANNUAL REPORT OF EXECUTIVE COMMITTEE, DECEMBER 4, 18S9.

To the Members of the Engineers' Club "f St. Louis :

Gentlemen: Your Executive Committee has held 18 meetings. Twenty-
five applications for membership have been referred to this committee for

consideration; 24 have been approved.
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Two members hare been dropped from the rolls for delinquency, and two

persons elected, but not qualified, have had their rights cancelled.

Fourteen papers have been approved for publication in the Journal.
Forty-seven bills have been approved as follows:

Railroad Gazette $525.25

Club-room 216.25

Secretary 100.00

Printing 105.8o

Rent and janitor •
23.00

Postage, etc 2'iSMenu card — 16.00

Library 9-6o

§1,016. 95

At the direction of the club, this committee has leased and furnished

Room 46, Laclede Building, for permanent headquarters for the club. The

cost has been f216.35. Additional furnishings required will bring this

amount up to about $250.

Your committee has during the year considered and reported upon the

questions of " Transfer of Membership" and " Affiliation with the Ameri-

can Society."

ANNUAL REPORT OF THE SECRETARY, DEC. 4, 1889.

To the Members of the Engineers 1 Club of St. Louis:

Gentlemen: The Secretary has to report that the year just closed has

been one of great prosperity. Not only has there been a large increase in

the membership and average attendance at meetings, but the number and
character of the papers and discussions presented have been better than ever

before, and the interest manifested in the welfare of the club is of the most
gratifying character.

Eighteen meetings have been held; ten at the Washington University;

four in the rooms of the Elks' Club; three in the Polytechnic Building, and
one at the Mercantile Library. President Meier occupied the chair at twelve
meetings; Vice-President Nipher at three; M. L. Holman at two, and Robert
Moore at one.

The average attendance at each meeting has been 30, a gain of two over

last year.

The total number of vLsitors for the year has been 62.

Twenty-eight new members have been elected; our total membership now
being 164, divided as follows :

One hundred and fourteen resident members, 49 non-resident, and one
honorary.

There have been eight resignations during the year.

Two names have been dropped from the rolls for delinquency. Two per-

sons who were elected, but did not qualify, have also been dropped.
There has been two deaths—Col. H. C. Moore and J. H. Morley.
Papers and discussions have been presented at all the meetings except

one, at which the question of "Affiliation with the American Society of

Civil Engineers " was considered.

The total number of papers and discussions presented reached 26. At one
meeting four were presented, at six meetings two, and at 10 meetings one.

Those contributing were

:

Prof. J. B. Johnson, 4; Professor Nipher, 2; Col. E. D. Meier, 2, and the
following one each: J. H. Kinealy, I. A. Smith, N. W. Eayrs, Carl Gayler,

Professor Phillips, W. B. Knight, W. Allderice, B. F. Crow, W. H. [Bryan,
Professor Brown, A. J. Frith, H. B. Gale, J. A. Seddon, P. M.Bruner, C. H.
Sharman, H. A. "Wheeler, "W. Bartlett and Robert Moore.
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The most important action taken during the year has been the securing of

permanent and centrally located headquarters for the Club, to be used as a

meeting place and library and reading room. The Club's room has already

proven its usefulness and popularity.

Among other important subjects considered by the Club during the year

were: " Improvements in Highway Bridges," " Transfer of Membership,"
" Closer Union of Engineering Societies," "Collection of Local Data," and
"Affiliation with the American Society."

The records of the Club show the existence of the following:

A special committee of three on "Fire Streams," Mr. Robert Moore,
Chairman.
Two special committees on " National Public Works," consisting of five

members each, of both of which Prof. J. B. Johnson is Chairman.
A special committee of two on "Monument to Captain Eads," Col. E. D.

Meier, Chairman.
A standing committee of five on " Smoke Prevention," Prof. W. B. Pot-

ter, Chairman.
A standing committee of five on " Collection of Local Engineering Data,"

S. B. Russell, Chairman.
A standing committee of five on " Library and Reading Room," J. A. Sed-

don, Chairman.
A standing committee of three on " Future Permanent Quarters," M. L.

Holman, Chairman.
As it appears that some of these committees have outlived their useful-

ness, it is suggested that some action be taken regarding them. Reports
are promised at early dates by Profs. Johnson and Potter for the commit-
tees on National Public Works and Smoke Prevention.

W. H. Bryan, Secretary.

ANNUAL REPORT OF LIBRARIAN, DECEMBER 4TH, 1889.

To the Members of the Engineers' Club of St. Louis :

Gentlemen : Your Librarian has to report great prosperity during the

past year. The removal of the library to the Club's rooms has made it much
more accessible, and has resulted in greatly increased use of it. The thanks
of the Club are especially due to the managers of the Index Department of

the Engineers' Club, who have transferred to the Club's library all the

documents received by them for their services. Many valuable docu-

ments and books have also been received from other sources. I have to

suggest to the Club several plans by which the value of our library may be

enhanced

:

1. A systematic application through the proper channels for all reports

and other documents of engineering value.

2. The securing of such catalogues of manufacturers and others as are de-

sirable for ready reference.

3. The solicitation and proper care of valuable engineering books which
members may be willing to loan to the club.

4. The purchase of a limited number of engineering volumes of value,

which it may be impossible to secure in any other way.
I am glad to be able to say that the Library Committee is already working

in the directions indicated.

I desire to remind the Club again that the library is [now in condition to

receive and care for all books, pamphlets and pictures of engineering in-

terest which the members may donate.

W. H, Bryan, Librarian.
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REPORT OF THE TREASURER FOR THE YEAR ENDING DEC. 4, 1889.

Receipts.

To balance from last report $j?3 79

from uncollected 1888 dues 142 00
" dues receipts issued for 1889 713 00
" " account new members 236 00
•' credit from B. B. Gazette 4 00

$l,6oo 79
Disbursements.

By vouchers paid $1,024 50
" dues receipts on hand Ill 00
" " cancelled 75 00

1,210 50

Tobalance •• $478 29

Provident bank asset $52 54

Cash 42575
478 29

Chas. W. Melcher, Treasurer.

Mr. Bryan, Member of the Board of Managers of the Association, made an

informal report of the^matters under discussion at the recent meeting of the

Board in Chicago.

The following resignations were announced : W. L. Breckenridge, H. L~

Burnett, T. J. Whitman and H. S. Pritchett.

On motion of Mr. Robert Moore, the Committee on Fire Streams was dis-

charged.

On motion of Mr. Seddon it was ordered that the Committee on Perma-
nent Quarters be increased from three to five. Col. E. D. Meier and Geo.

Burnet were appointed the additional members of this committee.

Mr. N. W. Perkins, Jr., then addressed the club on the subject of "Adding
Machines." His paper treated particularly of the invention of W. S. Bur-

roughs, of St. Louis, one of -which was shown. A full description of the

construction and operation was given. Separate parts of the machine were
also shown, and its powers were demonstrated by a practical test. The sub-

jeet was discussed by Messrs. Robert Moore, W. W. Penney, Ed. Flad, Geo.
Burnet, J. A. Seddon and M. L. Holman. The machine was specially in-

tended for use in banks, clearing houses, etc. It appeared, however, to be
of limited use to engineers, whose work requires but little computation of

this kind. Mr. Holman stated, as his experience, that no calculating ma-
chine had yet been found to be of great advantage to engineers, from the
fact that the problems contained were of so varied a nature, and the number
of times which any given process had to be repeated, in identically the same
manner, did not justify the use of mechanical devices.

[Adjou'i-iied.] Wm. H. Bryan, Secretary.

WESTERN SOCIETY OF ENGINEERS.

November 6, 1889 :—The 263d meeting of the Society was held at its own
rooms Wednesday evening, November 6.

In the absence of the President, the Hon. DeWitt [C. Cregier, Mayor of

Chicago, Past President of the Society, was called to the chair.

The Secretary made a report on the last meeting of the Board of Directors,
at which the following gentlemen were elected: John E. Frohlund, Fremont
Hill, George W. Waite.
The following names were also presented for membership: Messrs. O. E.

Winger, Wm. H. Wissing, Wm. E. Williams, Geo. E. Dixon, Robert H.
Yeats, James L. Armstrong, John L. Van Ornum, Frank E. Herdman, Fred
Davis, T. B. Blackstone.

The Society's membership having reached a total of over 250 names, and,
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therefore, entitled to another representative on the Board of Managers of

the Journal of the Associated Engineering Societies, Mr. A. Gottlieb was
elected for the position.

The Chairman then called upon Mr. Liljencrantz for his paper on " Com-
pound Lumber." Mr. Liljencrantz stated that, while the paper had a more
direct interest for architects, it was also a matter of importance to any one,

either directly or indirectly, interested in building matters.

The material under discussion was the product of the Compound Lumber
Company, whose works are established on the Calumet River at Burnham,
111. It is intended as a substitute for solid hardwood and veneering, now
that the finer kinds of hardwood are becoming scarcer and more expensive.

Its manufacture is patented, and the product is said to partake of the good
qualities of hardwood and veneering, combined with other qualities not

possessed by them, with apparently few or none of their defects. It is

especially intended for interior finish, such as doors, wainscoting, ceiling,

etc. It consists of a core of some soft wood, usually pine, which is faced with
certain varieties of hard wood as may be desired or required, the facing

being tenoned and grooved upon the core. The core is sometimes covered

on all four sides, or on one, two or three sides, as the case may be.

The core and facing are further secured by being glued and forced

together by rollers under heavy pressure. Every care is taken in the

arrangements of core and facing to provide against warping, and the lumber
used is thoroughly seasoned. Compound lumber is lighter to handle than

solid hardwood and the core holds the nails better, and the price is below

that for solid hardwood.
In the process of manufacture the lumber is brought in the log to the

works, trimmed and then run through the veneer saws. After leaving the

saw this thin lumber is put in layers to dry, and after a sufficient time is

put into the kilns. A week in the kilns prepares it for the factory—the pine

going through the same usage as the hardwood.

In the factory this lumber is cut into proper lengths and widths and then

run through tenoning and grooving machines, after which the pine base is

passed through a glue machine, in which an even coat of glue is spread over

the grooved surface. The hardwood top is then placed on the base and run

through largi roller presses under a pressure of 5,000 pounds. The lumber

is now ready for further manufacture.

Mr. Gottlieb opened the discussion, which was taken up by many, and

Mr. W. E. Kirkpatrick, Secretary of the Company, was at the Society's

service to reply to questions put to him.

A large variety of samples was arranged for the inspection of the members

present.

The Chairman next called for the continuation of the discussion on the
" Chicago Drainage Problem." In this connection a paper was presented by

Mr. H. A. Stoltenberg giving his views why the drainage question cannot

be solved by means of the Desplaines River plan, and stating that the best

solution of this problem would be to build a system of intercepting sewers

along both banks of the river and its branches, as suggested by the former

City Engineer, Mr. E. S. Chesborough, in his annual report for the year 1870.

The following is a short abstract:
" The Desplaines River plan is based upon the assertion that a dilution of

the Chicago sewage equal to 600,000 cubic feet of water per minute for a

population of 2,500,000 persons is necessary. Even after expensive widening

of the South Branch, not over 300,000 cubic feet per minute could flow

through this river branch. All heretofore proposed open canals for this

purpose, viz.: Along Thirty-ninth street, along Eighty-seventh street, along
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Ninety-fifth street, and through Lake Calumet, would be so expensive and

hinder the development of the city toward the south, as to be of no benefit

to Chicago, that all of them have practically been dropped. To bring the

300,000 feet per minute through conduits along Thirty-ninth street would
cost at least §7,500,000."

The proposed Bowmanville cut-off is useless and impracticable, because

the lengthening of the present tunnels four miles into the lake—sufficient to

come out of the reach of the sewage altogether—would cost only f750,000,

while the Bowmanville cut-off would cost about §2,500,000. After the com-

pletion of the Desplaines River plan only the main river and those parts of

the river south of it would be improved.

According to the Drainage and Water Supply Commission, the 600,000

cubic feet per minute would be sufficient for a population of 2,500,000, which,

according to their own report, would be reached between 1905 and 1915.

Their estimate for 1889 has already been exceeded by about 100,000, and the

increase during the last year did amount to 110,000. For these reasons it is

unlikely that the 2,500,000 will be reached before 1905. But even under the

supposition that this 2,500,000 would not be reached before 1910 and the

Desplaines River plan would not be finished till 1898, even then this plan
would only be sufficient for twelve years.

It is practically impossible to create a strong natural flow in the North
Branch and the lumber yards slips by means of the Desplaines river plan,

and therefore a clean river cannot, even for a short time, be attained by
this plan.

The shipping between the lakes and the Gulf of Mexico would be very
little benefited by the flushing channel Chicago-Joiiet with a depth of four-

teen feet. By means of the 600,000 feet the depth of the Desplaines River
would only be brought to seven feet and of the Mississippi river to the

mouth of the Ohio river to nine feet. Therefore this channel would have
only the value of a seven -foot deep one between the lakes and the gulf. The
value of a fourteen-foot deep channel would only be attained if the United
States would furnish this depth from Joliet to the Ohio river, but whether
this will be done or not is for the present altogether uncertain.

To get a clean river in all its branches is only possible by keeping the

sewage out, i.e., to run intercepting sewers along both banks of the river

and its branches.

The former City Engineer, E. S. Chesbrough, [who has rendered the city

incalculable services, says in his annual report for the year 1870: "In view of

the present knowledge and experience it does not seem advisable to com-
mence the construction of a system of intercepting sewers just yet, though
the probability of having to do so ultimately seems rather to increase from
year to year."

By means of these intercepting sewers the sewage should be conducted to

Bridgeport and there pumped into the Illinois and Michigan canal. Thus
the sewage would come in a fresh condition into the canal, while it is now
lying for weeks in some part of the river, and then, in a perfectly decomposed
condition, flushed down the Desplaines River valley. A remarkable improve-
ment of the canal would, therefore, take place after the completion of such
a system of intercepting sewers.

At some time, however, a scientific treatment of the sewage will become
imperative, either by electricity, filtration or any other way.
According to extensive and successful trials of Mr. William Webster, the

inventor of this method, at Crossness, near London, the electrical treatment
of sewage for a million inhabitants would amount for Chicago to only

8161,000 a year, including the rentals for buildings and machinery.
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As every scientific treatment of the sewage will require intercepting
sewers in advance, the latter should be built under all circumstances.
Such a complete system of intercepting sewers with pumping works for

raising the sewage, together with :

a. A plan to force lake water into the eastern end of the stockyards slips.

b. A similar plan to force water into the northern end of the lumber-
yards slips.

e. The enlargement of the present Bridgeport pumping works to 100,000

cubic feet per minute.

d. The deepening and widening of the Illinois and Michigan canal

:

"Would cost in all about $5,500,000. This plan could be built in about two
years.

Mr. R. B. Mason presented a written discussion, the leading features of

which are about as follows :
" The cut-off near Evanston is unnecessary; it

would be very costly, require a large sum for maintenance, carry much
material into the lake, and do more or less damage to adjoining property,
The Desplaines River is the proper channel for the flood waters of that river.

The safest plan for drainage would be for the city to avoid the river, as the
present canal now does, and prevent any water from the Desplaines from
coming to Chicago, or to have gates in the Ogden ditch for regulation. An-
other plan would be to use the Ogden ditch and make use of deep channels

in the Desplaines River from the Summit westward.
The objection to this plan would be that it would not give a direct line to

the channel, and that the excavated material, unless deposited on the high
ground, would contract the present waterway and aggravate conditions at

flood time. Of the 600,000 cubic feet per minute, 200,000 should pass through
the Calumet River and Sag near Blue Island and 300,000 through the Chicago
River. This would not cost as much as a 600,000-foot channel from Chicago,

and would afford drainage to growing localities. It would avoid the ex-

pense of channels through valuable property, as well as the Evanston cut-off.

The 600,000 feet per minute in time of freshets would add to the damages
in the Illinois Valley, which could be provided against by guard locks near
Chicago and in the Sag. The above plan provides for navigable channels in

both cases, and would provide more drainage than contemplated in the act,

besides saving enormous land damages.

It is worthy of consideration whether the drainage channel should not be
constructed to leave both present canal and river in existence, but it might
be found well to use present canal as far as rock cut, but it is absolutely

necessary to carry out the work with the least possible delay. The 300,000-

foot channel would probably be sufficient for several years, and the Sag
channel might be postponed, but the latter would ultimately be required.

Mr. Mason believed the great advantages would justify the enormous ex-

pense involved, and that the ship canal would finally benefit all the country.

Mr. L. E. Cooley, who had provided the maps prepared for the judges, for

assistance in the discussion, briefly reviewed the whole project and the

legal points involved, opposing in large measure the views of the discussions

just presented, giving figures and analyses in support of his position.

Many members, including the Chairman, joined in the discussion. Mr.
Stoltenberg's paper was conceded to be out of date, as the great project now
under way was the result of years of study and research.

On the close of the discussion the Chairman called the attention of the

society to the stock books of the World's Fair Committee, and after explain-

ing the condition of the question and the prospects, urged the members to

lend a hand.
[Adjourned.] John W. Weston, Secretary.
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ENGINEERS' CLUB OF KANSAS CITY.

November 4, 1889.—A regular meeting was held in the club room at 8 p.m.,

Vice-President Breithaupt in the Chair, Kenneth Allen, Secretary. There
were present eight members and seven visitors.

Minutes of the last regular meeting and meetings of the Executive Com-
mittee were read and approved.

The resignation of Mr. F. Allen, as Librarian, on account of change of resi-

dence, was presented, and on motion of Mr. F. W. Tuttle it was voted that

the Chair appoint a Librarian to act until the end of the year.

The Secretary announced the receipt of 13 pamphlets on Harbor Studies,

Permeability of Cements, Rapid Transit, etc., fromJProf. L. M. Haupt, and
illustrations of the Poetsch-Sooysmith Method of Shaft-Sinking from that

company.
On canvass of ballots John R. Braidwood and Robt. M. Sheridan were de-

clared elected Members, and Thos. H. Ashburner as Associate.

The paper on " Building Stones," read Oct. 7, was discussed by Messrs.

G. "W. Pearsons and Thos. Knight.

A short article from Mr. F. E. Sickels, on " Sewer Ventilation," and one on
" Sewage Disposal," by K. Allen, were read by the Secretary and discussed

by Messrs. G. W. Pearsons and T. Knight.

A paper from Prof. L. M. Haupt on "A Plan for Outer Harbor off Padre
Island, Texas," was read by the Secretary; also a letter from Mr, A. Bonzano
indorsing the project; and a paper by Mr. John Willett, on the commercial
aspect of such an harbor, was lead by the author, illustrated by designs : nd
coast survey chart=. The plan contemplates building an iron pier out into

the Gulf, 4,500 feet from shore. Then constructing a wharfage sufficient for

th rty of the larger ocean vessels and two hundred sail of coasters. He con-

sidered this plan far more pra2ticable and wise than to attempt to maintain
a channel through the bar that guards entrance to the entire Texas coast.

The plan could be carried out in twenty months, and the case of Ceare,

Brazil, was cited, where a similar outer harbcr, 7,000 feet from the shore, is

an absolute realization of all expectations.

After discussion by Messrs. G. "W. Pearsons, Thos. Knight and H. H.
Filley, Thos. F. Callahan was proposed as Associate by F. C. Gunn and
Edw. Butts, and W. J. Lightfoot as Member by Kenneth Allen and W. H.
Breithaupt.

[Adjourned]. Kenneth Allen, Secretary.



INDEX DEPARTMENT.
ANNUAL SUMMARY.

It is proposed to furnish, in this department, as complete an Index as may be

of current engineering literature of a fragmentary character. A short note
ivill be appended to each title, intended to give sufficient information to enable
the reader to decide whether or not it is ivorth his while to obtain or consult
the paper itself. The Index will be mostly limited to society and magazine
articles, and special engineering reports of general interest and value. It is

printed in the monthly issues of the Journal, on but one side of the paper, so
that the titles may be cut out and pasted on cards or in a book, and is here col-

lected with additional titles and many cross references.

LIST OF PERIODICALS INDEXED.
American Architect (Am. Arch.), weekly, Ticknor & Co., 211 Tremont street,

Boston, Mass. ; single copy, 15 cents.
American Engineer (Am. Engr.), weekly, Gaff Building, Chicago, 111.; per year,

$2 ; single copy, 5 cents.
American Machinist (Am. Mach.), weekly, 96 Fulton street, New York; per year,

$2.50; single copy, 5 cents.
American Manufacturer and Iron World (Am. Mfr.), weekly, Pittsburgh, Pa.

;

per year, $4; single copy, 10 cents.
Electrical Review (Elec. Rev.), weekly, 22 Paternoster Row, London, E. C. ; per

year, 21s. 8d. ; single copy, 4d.
Engineering and Building Record (Eng. & Build. Rec), weekly, 277 Pearl street,

New York; per year, $4; single copy, 10 cents.
Engineering News (Eng. News), weekly, Tribune Building, New York

; per year,
$5 ; single copy, 12 cents.
Engineering and Mining Journal (E. & M. Jour.), weekly, 27 Park Place, New

York; per year, $4; single copy, 10 cents.
Engineering (Lond. Eng.), weekly, London, England; per year, $10; single copy, 25

cents.
Indian Engineering (Ind. Eng.), weekly, Calcutta, India; 18s. per year; single

copy, 8 Annas.
Journal of the Franklin Institute (Jour. Fran. Inst.), monthly, Franklin Institute,

Philadelphia, Pa. ; per year, $5; single copy, 50 cents.
Journal of the Association of Engineering Societies (Jour. Assn. Eng. Soc),

monthly, 73 Broadway, New York; per year, $3; single copy, 30 cents.
Journal of the Society of Arts (Jour. Soc. Arts), weekly, London, England; single

copy, 6d.
Mechanics (Mechanics), monthly, 907 Arch Street, Philadelphia, Pa. ; per year, $1

;

single copy, 10 cents.
Power (Power), monthly, 113 Liberty Street, New York; per year, $1; single copy,

10 cents.
Proceedings American Institute of Mining Engineers (Proc. A. I. M. E.), 13

Burling Slip, New York ; per year, $5.
Proceedings of the United States Naval Institute (Proc. U. S. N. I.), quarterly,

United States Naval Institute, Annapolis, Md. ; per year, $3.50; single copy, $1.
Progressive Age (Prog. Age), semi-monthly, 30 Park Place, New York ; per year,

$3 ; single copy, 15 cents.
Railroad and Engineering Journal (R. R. & Eng. Jour.), monthly, 45 Broadway,

New York; per year, $3; single copy, 25 cents.
Railroad Gazette (R. R. Gaz.), weekly, 73 Broadway, New York ; per year, $4.20;

single copy, 10 cents.
Railway Review (Ry. Rev.), weekly, The Rookery, Chicago, 111.; per year, $4.
Scientific American Supplement (Sci. Am. Sup.), weekly, 361 Broadway, New

York; per year,$5; single copy, 10 cents.
Street Railway Journal (St. Ry. Journ.), monthly, 113 Liberty street, New York,

per year, $2.
The Electrical Engineer (Elec. Engr.), monthly, 11 Wall street. New York; per

year, $3: single copy, 30 cents.
The Electrical World (Elec. World), weekly, 177 Times Building, New York ; per

year, $3 ; single copy, 10 cents.
The Engineer (Lond. Engineer), weekly, London, England; per year, $10; single

copy, 25 cents.
The Railway Master Mechanic (Mast. Mech.), monthly, "The Rookery," Chicago,

111. ; per year, $1 ; single copy, 10 cents.
The Mechanical World (Mech. World), weekly, Manchester, England ; per year, 8s.

8d. ; single copy, 1 penny.
The Street Railway Gazette (St. Ry. Gaz.), monthly, 8 Lakeside Building, Chicago;

per year, $2; single copy, 25 cents.
Transactions American Society of Civil Engineers (Trans. A. S. C. E.), 127 East

Twenty-third street, New York
;
per year, $10.
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Abt Hack-Mail SystemforMountain Railroads. See Railroads.

Accidents. See Railroad Accidents.

in Mines. A paper by Sir Fred A. Abel, giving general review of legislatioa

on in England, and of causes and remedies which now obtain. Proc. Inst. Civ*

Engr., Vol. XC, p. 160.

Address. Annual Address of Pres. of Am. Soc. C. E. Delivered at Seabright, N.

J., by Max J. Becker, President. Pp. 20. Trans. Am. Soc. C.E., June, 1889, Vol.

XX., p. 233.

of the President Boston Soc. of C. E. Delivered by Desmond FitzGerald,

March 20, 1889. Jour. Ass'n. Eng. Soc, May, 1889, Vol. VIII., p. 251.

Air Compressor, built in sections for transportation over mountainous countries

on mule back. Illustrated. E. & M. Jour., June 1, 1889.

. Improved form of Automatic Regulator for Air and Steam. E. & M. Jour.,

May 11, 1889.

Air-Compressing Machinery, Lubrication of. See Lubrication.

Algerian Railways. An account of the railways of Algiers. By Consul Grellet,

of Algiers. U. S. Consul's Reports, April, 1889.

Alloys of Iron and Silicon. See Iron.

of Nickel and Steel. A paper read before the Iron and Steel Institute. By
James Riley, of Glasgow. Sci. Am. Supp., August 21, 1889.

Strength of Alloys at Different Temperatures. See Strength of Alloys.

Alpine Engineering. A descriptive account, with plates, of the various railways

in the Alps. By Vernon Harcourt. Proc. Inst. Civ. Engr., Vol. XCV.
Alternating Current Motors, Difficulties in the way of electric transmission of

poicer by. See Electric Transmission of Power.
Machinery. See Electricity.

Aluminum. Its Production by the Hall Process. A new electrolytic process by
which aluminum is produced continuously, directly from alumina, at a single

operation. Elec. World, Sept. 21, 1889.

A lecture delivered at the Royal Institution of Great Britain treating of the

properties, manufacture and uses of this metal. By Sir Henry Roscoe. Sci. Am.
Supp., August 21, 1889.

A lecture delivered before the Franklin Institute by Hanford Henderson,
Professor of Chemistry and Physics, Philadelphia Manual Training School. An
interesting account of tha various processes used to obtain metallic aluminum.
Sci. Am. Supp., Jan. 5, 1889.

, and its Extraction on a Commercial Basis. By F. J. Seymour. Sci. Am*
Supp., Aug. 24, 1889.

and Silica in Cast Iron, Effects of. See Silica.

, the "Heroult"Process. Full description, with illustrations of the plant used.

Eng. and Min. Jour., Dec. 1. 1888; Am. Mfr. and Iron World, Nov. 23, 1888.

American Blast Furnace Practice, Notes on. See Blast Furnace Practice.

American Institute of Mining Engineers. Some Thoughts Relating to Am.
Inst. M. E., and its mission. Presidential address at New York meeting, Febru-
ary, 1889, by William B. Potter, St. Louis, Mo.

Ammonia. Properties of. Abstract of Paper by De Volson Wood, presented at
Convention of Am. Soc. Mech. : Eng., at Erie, May, 1889. Mechanics, June. 1889,

Engines. The Theory of. See Engines-
Anthracite Coal. Table giving weights per cubic foot and specific gravity of an-

thracite broken to market sizes. E. & M. Jour., June 1, 1889.

Aqueduct Masonry, Cost of, in Detail. See Masonry.
New Croton, Head House at Shaft 17. See Head House.

. Report of experts appointed to examine and report on the condition of the
Washington Aqueduct Tunnel. Senate Report No. 2,686, 50th Cong., 2d Sess.

-, Washington. Profile and sections of the new Washington Aqueduct Tunnel,
with progress report. An. Rept. Chf. Engrs., U. S. A., 1888. Vol. IV., p. 2,766.

Arch. An Error in a Common Theory of the Masonry Arch. A valuable discus-

sion of the line of resistance in arches subjected to earth pressure, By Prof. I.O.

Baker. R. R. Gaz., May 31, 1889.

, Bridge. The Colorado Street Skew Arch Bridge, St. Paul. See Skew Arch
Bridge.
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Arch of Brick and Masonry. A very good paper of 28 pp. By A. Wharton Metcalfe.
Gives new tables for computing the form of arch suitable for any fixed load.

Illustrated. Trans. Liverpool Eng. Sol:, Vol. VII., p. 19 (1886).
"

. Arched Ribs and Vaussoir Arches. A paper by H. M. Martin, giving the
theory in concise form. Proc. Inst. Civ. Engrs., XCIII., p. 462.

Artesian Well at St Augustine, Fla.. 1,390 feet deep; capacity, 10,000,000 gallons in

24 hours. Pressure of discharge sufficient to force the jet 42 feet above mouth of

well. Eng. News, April 6, 1889.

-Asphalt and its uses. By F. V. Greene, New York City. General descriptions,

where found, chemical composition, methods of using, durability, etc. Illus-

trated, pp. 19. Proc. A. I. M. E., Buffalo meeting, 1888.

Pavements of Buffalo, N. Y. Specifications for. Eng. and Build. Rec, Dec.

29, 1888.

Pavements on Concrete Foundations in New York. Summary of specifica-

tions respecting preparation of street surface, foundations, and mixing and laying

the asphalt wearing surface. Eng, News, Nov. 16, 1889, Vol. XXII., p. 473.

Pavements in Berlin. Gives amount of asphalt laid in Berlin from 1868 to

1888. Cost per square yard and cost of maintenance. Eng. News, Dec. 15,

Automatic Bock Dumping Scow, used for automatically dumping rock or other

material in dyke construction in the harbor works at Newburyport, Mass.
Illustrated description. Eng. News, Nov. 24, 1888.

Average Haul. See Overhaul.

Axles. Effects of Temperature on Railway Axles. See Temperature.

for 60,000-26. Cars. A paper read before the Western Railway Club by Mr.

G W. Rhodes. R. R. Gaz , Feb. 22, 1889; Mast. Mech., March, 1889.

Sack Water, caused by Bridge Piers and other obstructions. A theoretical inves.

tigation and some comparisons with actual tests, by.S. W. Frescolm. Jour. Eng.
Soc. Lehigh University., Feb. 1889.

Ballast, Burnt Clayfor. See Railroad Ballast.

Barbour, William S. A memoir prepared by a committee of the Boston Society

of Civil Engineers, and read Sept. 18, 1889. Jour. Assn. Eng. Soc, October, 1889.

Vol. VIII., p. 506.

Barometer. Discussion of formulae and application to measurements of heights by
Prof. C. Koffe. Zeitschrift des Arch u Mg. Vereins in Hanover, 1888, pp. 551-574.

[Discussion of the different formulae and methods of observation and computa,

tion. Quite complete.]

Bartlett Water Supply Project. See Water Supply.

Battery, Eaure's New Secondary. See Faure.

Beams, of Cast Iron and Steel. The details of an elaborate set of experiments on
beams to discover the relation of the modulus of rupture in cross breaking

with those in tension and compression and cause therefor. Deflections and dis-

tortions of extreme fibers measured. Observations poorly discussed. Illustra-

ted. Proc, Inst. C. E. Vol. XCVIIL, p 308-356.

Bearing Piles, Formulafor Saj e Loads on. See Piles.

Bellite. Description of Tests made with the comparatively new explosive Bellite.

Eng. and Min. Jour., Dec. 1, 1888.

Belts. Some New Points about Belts and Pulleys. By Fred J. Miller. Shows
effect of varying thickness of belt at the edges, in connection with crown of pul-

ley. Illus. Am Mach., Aug. 15, 1889,

Belt Power, Estimation of. Formulas for estimating the transmitting power of

belts of any size. Mechanics, August, 1889, Vol XI., p. 192.

Bench Marks. Experiments on Stability of. Paper by George W. Cooley, M. Am.
Soc. C. E-, giving table of experiments on stability of bench marks as ordinarily

made on trees; with discussion. Trans. Am. Soc. C. E., Feb., 1889, Vol. XX.,
p. 73.

, on the Missouri River. See Levels.

Bending: Moments on pins, by Graphics. By Charles E.,' Greene. Illustrated.

Pp. 3. The Technic, University of Michigan, No. 2, New Series, p. 36. 1889.

Berlin, Survey of the City of. See Survey.
Bessemer Steel, The Manufacture of. A paper read before the Franklin Institute,

Jan. 21, 1889, by Robert W. Hunt. Am. Mfr., May 24, 1889, et seq. See Steel.
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Bituminous Coal Burning in Locomotives. See Western Coal Burning.
Blast Furnace Practice, American, Notes on. Abridgment of a paper read be-

fore the- South Staffordshire Institute of Iron and Steel Works Managers, Nov.
24, 1S88. By Wm. John Hudson. Am. Mfr., Dec. 14, 1888.

Blast Systemfor Steamships, Main's. A description, with illustrations, of a sys-

tem of hot blast for forcing the fires, and at the same time cooling the smoke-
stack and ventilating the ship, used by the U. S. and B. M. S. S. Co., with marked
saving in fuel. American Machinist, March 7, 1889.

Blower, Centrifugal Fan. An investigation of some experiments on the relations

of the velocity of discharge, pressure and velocity of fan blades in a centrifugal

blower delivering air into the atmosphere at large. By Chief Engineer Isher-

wood, U. S. N. The Journal of the Franklin Institute, April, 1889.

Boiler Explosions in 1888. Gives a list of explosions in the United Kingdom during
18S8, with illustrations in many cases, a statement of cause, result, etc., and a
tabulated comparison with previous years. Lon. Eng., July 12, 1889, Vol-
XLVIL, p. 59.

Boiler Test, recently made by Francis E. Galloupe of the "Complete Combustion
Co.," with illustration of the boiler. Am. Engr., April 10, 1889; Eng. News,
March 23, 1889.

Tabes, Ribbed. Description of a new form of boiler tube invented by M.
Serve, a French engineer, and designed to provide greater heat-absorbing surface

by forming the tube with internal ribs projecting toward the centre. Am.
Engr., April 3, 1889.

Boilers. See Locomotive Boilers ; Steam Boilers; Corrosion; Draught
, Materials and Tests. Report of a committee to the American Boiler-makers

Association at Pittsburgh meeting, Oct. 14, giving specifications proposed and
tests recommended for boiler materials, with discussion . The Iron Age, October
24,1886.

, Purification of Waterfor. A paper read at the Louisville Convention of the

American W. W. Assn., April, 1889, by F. W. Gericke. Am. Engr., April 24. 1889.

Boston Water-Works. Farm Pond Conduit. See Water-Works.
Boundary Lines. End Lines and Side Lines in the U. S. Mining Law Paper. By

R. W. Raymond, New York, at the New York meeting, February, 1889, pp. 20.

Proc. A. I. M. E., New York meeting, 1889.

Brakes. A paper by Mr. James Howard, with discussion, at meeting of New York
R. R. Club. Giving mechanical principles which control the construction of

main brakes, with special reference to locomotive brakes. Railroad Gazette*

Nov. 23, and Master Mech., December, 1888.

Beams, Tests of. Results of tests of brake beams of different patterns and
different woods. R. R. Gaz., Feb. 8, 1889; Feb. 22, 1889.

Brake Gear, M. C. B. Committee Report. Gives complete details of brake gear
recommended by the Master Car Builders' Committee. Illustrated. Railroad
Gazette, June 28 and July 5, 1889; Proc. M. C. B. Ass'n, Saratoga, N. Y, 1889, p.

109.

Tests with the new Quick Acting Westinghouse Apparatus, made at Carls-

ruhe, on the Baden State Railways. Illustrations of new automatic time, press-

ure, speed and distance recorder used in making the tests. Sci. Am. Supp., May
11, 1889.

Brick Experiments, Akra. Experiments made by H. Leonard, M. I. C E., with
brick piers having different forms of footings to test the strength of foundations

for heavy buildings. Ind. Eng., Dec. 15 and 22, 1888.

, Laws of Crushing Strength of. By Prof. Ira O. Baker. Experiments made
to determine effect upon the apparent strength of a variation in the size of piece
tested. Eng. News, Feb. 2, 1889.

Masonry, Permeability of. See-Cement and Mortar.
Street Paving. Article describing a method of laying brick pavements for

city streets and method of constructing foundation for same. Eng. News, Aug.
3, 1889. Vol. XXII., p. 99.

vs. Stone Masonry. A paper by Prof. I. O. Baker, entitled " A Plea for

Brick Masonry in Engineering," in An. Rep. III. Soc. of Engs. and Surveyors*
1889.
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Brick Tests. A Summary of Resluts and Conclusions cm a Series of Tests on brick
for absorption, compression and cross breaking strength ; effects of plaster bedsp
and of testing lengthwise, edgewise and flatwise. The most valuable generaliza-
tions yet given. By Prof. I. O.Baker. Clay Worker (Indianapolis), March,
18S9.

Work, Working loads on, as determined by experiments in Berlin. Abstract
ed in Proc. Inst.Civ. Engs., Vol. LXX1X, p. 376.

Bridges. See Highway Bridges. Approaches to Arthur Kill. Description and
detail illustrations of the trestle approaches. The approaches consist of about
6,600 feet of framed trestles and some 3,000 feet of pile trestle. R. R. Cfaz., July
26, 1889. Vol. XXI., p. 489.

Construction of the Bridge over the Arkansas at Van Burcn, Ark. Mono-
graph by Mr. C. D. Purdon, M. Am. Soc. C. E. Illustrated, pp. 43, plates 20.

Trans. Am. Soc. C. E., May, 1889, Vol. XX., p. 151.

—
:

Description of guard gates at Point street bridge at Providence, R. I. Paper
by Wm. D. Bullock, M. Am. Soc. C. E., giving description and complete illus-

trations of gates and operating machinery. Trans. Am. Soc. C, E„ February,
1889, Vol. XX., p. 78.

— Fort Madison Bridge across the Mississippi. Illustrated description. Sci.

Am. Supp., August 31, 1889.

Poughkeepsie Bridge. For an historical sketch of the project, general di-

mensions, description etc. as well as many fine illustrations of the bridge and
its vicinity, see Poughkeepsie Daily Eagle, Souvenir Edition, 1889, also E. & M.
Jour., February 2, 1889.

. Indus Bridge at Sukkur. Illustrated article showing the various proposed
crossings of the Indus, and a general view of the bridge. Ind. Eng., April 22,

1889.

•—-—, Iron Developmemt of the. Notes by Squire Whipple, " the father of iron

bridge building in America," with sketches. R. R. Gaz., April 19, 1889.

, New Transfer Bridge, Harsimus Cove, Jersey City, N. J. Paper by J. A.
Bensel, Jun., Am. Soc. C. E., pp. 2. A brief description of a somewhat novel
counterbalanced bridge for transferring cars from the shore to a floating vessel.

Illustrated. Trans. Am. Soc. C. E., December, 188S. Voi. XIX., p. 309.

, Lattice Girder Overhead Crossing, Chicago, Santa Fe & California Ry.
Paper by W. H Breithaupt, read before the Engineers' Club of Kansas City,

Juns 18, 1888. Jour. Asso. Eng. Soc, January, 1889.

of Old Rails. Description of viaduct constructed from old rails. R. R. & Eng.
Jour., October, 1889, Vol. LXIIL, p. 452.

of the Oregon Railway & Navigation Co., over the Willamette River at Port-

land, Oregon, with illustrations of " Draw " in detail. R. R. Gas., April 19,

1889.

•

, old Wooden Highway at Waterford, N. Y. A typical Burr truss span, 200

feet, built in 1801, and still in use. Fully illustrated. Engr. Neivs, June 1, 1889.

Over River Tay at Cuputta Ferry. Brief description, with illustrations of a
few details of construction, both trusses and caisson, showing present tendency
of English practice. Bond. Eng., Sept. 13, 1889, Vol. XLVIIL, p. 306.

• Over the Indus at Sukkur. Brief description of 820-foot cantilever span, with
three full-page illustrations. Lond. Eng., Jan. 4, 1889.

Over the Wenigunga River, Bengal-Nagpur Ry., India. Illustrated. Show.
ing a novel method of erection. Ind. Eng., April 6, 1889.

. Preliminary Designsfor the English Channel Bridge. A paper of some
length, by Messrs. Schneider & Co. and H. Herseut, giving general description

of the bridge, plans for foundations and methods of constructing them, etc. Il-

lustrated. Lond. Eng., Sept. 27, 1889, et seq; Iron (London), Oct. 18, 1889, et seq.

• . Proposed Channel Bridge of Messrs. Schneider and Herseut. Brief illus-

trated description. Eng. News, Nov. 2, 1889, Vol. XXII , p. 423: Sci. Am. Supp.,
Nov, 2, 1889, Vol. XXVIIL, p. 532.

, Forth. Putting in the Connecting Spans of the Forth Bridge. These spans

were erected as temporary prolongations of the cantilevers ; then connected at

centre and wedges at ends released, when the span became independent. R. R.
Gaz., Nov. 15, 1889. Progress on to Dec. 12, 1888. Lond. Engr., Jan. 11, 1889.
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Bridges. The Boylston Street Bridge, Boston. A valuable article, giving complete

dimensions, strain sheets, details, method of erection, etc. Illustrated. Eng. &
Build. Bee, Jun 8, 1889, et seq.

. The Cairo, Fast Erecting on, 518 ft. 6 in. Channel span erected in four days.

With illustrations, showing daily progress. B. B. Oaz., Jan. 11, 1889.

. The Kanawha Biver Bridge. Very complete details of this cantilever

bridge. Eng. & Build. Bee, Aug. 17, 1889, Vol. XX., p. 161, et seq.

, The Lansdowne. Span, 820 c. c. pillars; centre swing span, 200 feet c. c. ; side

spans, 247 feet 9 inches and 229 feet 3 inches. Illustrated. Ind. Eng., June 15,

1889, Vol V., p. 550.

. The Sibley Bridge. An account of the construction of this bridge, including

general plan, foundation, and superstructure, with tables. By O. Chanute, John
F. Wallace and W. H. Briethaupt, M. Am. Soc. C. E. Pp. 33; plates, 14. Trans.

Am. Soc. C. E., Sept.. 1889. Vol. XXL, p. 97.

. American Railroad Bridges. An extensive paper treating this subject

historically and in detail by by Mr. Theodore Cooper, M. Am. Soc. C. E. Fully

illustrated by plates and diagrams. Pp.60; plates, 27. Trans. Am. Soc. C.E.,
July, 1889. Vol. XXI., p. 1.

. Bengal-Nagpur Railway Bridges. Specification for triangulated girder

bridges, with insert, giving complete details. Ind. Eng., May 18, 1889.

. Erection of Iron Bridges. Cleveland & Mahoning Valley Railway, second
track. Paper by James Ritchie, Mem. Civ. Eng. Club of Cleveland. Read May
14,1889. Jour. Assoc. Eng. Soc, Jan., 1889. Vol. VIII., p. 339.

, Highway Bridges, Nova Scotia. By M. Murphy. Illustrated article, R. R.
Gaz., May 3, 1888.

, General Specifications for Highway Bridges. By J. A. L. Waddell, of Kan-
sas City, Mo. In addition to general specifications and specifications for iron
by bridge companies, there are articles given on Highw7ay Bridge Failures,

Bridge Lettings, How Bridges are, and how they should be, built, etc. Gen'l
Spec, for Highway Bridges, J. A. L. Waddell, Kansas City, June, 1889.

. Inspection of Iron Bridges and Viaducts. Paper by B. L. Marsteller, read
before the Engineers' Club of Kansas City, Feb. 16, 1889, with discussion. Jour.
Assn. Eng. Soc, January, 1889.

. Notes an the Theory of Cantilever Bridges. A paper by Charles McMillan,
C. E., Professor of Civil Engineering at Princeton College. Methods of comput.
ing stresses, both analytically and graphically, are given. Illustrated by two
plates. Selected Papers of Bensselaer Soc. of Engrs., Vol. II., No. 2, p. 60, June
1889.

. Proposed North River Bridge at New York City. See Long Span Bridges.

, Stresses in. By Wm. H. Booth, M. Am. Soc. C. E. Trans. Am. Soc. C. E.,

April, 1889, Vol. XX., p. 137.

, The Tay Viaduct. Two papers with discussion and plates by the engineers
of the bridge. Proc. Inst. Civ. Engrs., Vol. XCIV., pp. 87-132.

Failures. American, Editorial discussion on paper by Geo. H. Thomson,
Bridge Engineer N. Y. C. & H. R. R. R., on the above subject. Eng. & Build.
Bee, Dec. 1, 1883.

Floors. Solid Bridge Floors on the N. Y. Central & Hudson River R. R.
Brief illustrated article, showing method of treating comparatively small open-
ings, giving an unbroken roadbed. Eng. News, Nov. 16, 1889, Vol. XXII.

, p. 465.

Piers, Notes on Biver Crossings and. Papers by M. Otagawa, Tokio,

Japan. Discusses the subject very thoroughly, taking especially the considera-

tions of dimensions of waterway, effect of obstructions to discharge, height of

eddj" caused by piers, form and thickness of piers, and gives some examples from
Japanese practice. The Railroad and Engineering Journal, Nov. and Dec.
1883, and Jan., 1889.

Pins, Bending Movements on. See Bending Movements on Pins,

Traveler, for Erecting 400-/£, span of Bismark Bridge on N. P. Ry. Illus

trated description, with bill of particulars. Eng. & Build. Bee. Nov. 3, 1888.

Buffer, Frictionfor Cars, the Westinghouse. Railroad Gazette, Nov. 2, 1888.

Buildings, Heavy, Observations on. See Heavy Buildings.

Building Materials, Strength of. See Strength.
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Bulkhead Construction on North River, New York City. Description, with
illustrations. Eng. News, May 25. 1889.

Buoys, Electric Lighted, in New York Harbor. Illustrated description of the
apparatus and the means of generating and transmitting the current. The Elec-
trical World, Feb. 2, 1889.

Burnt Clay. Ballast. See Railroad Ballast.

Cable Conduit Yokes. Their Strength and Design. Paper by J. B. Johnson,
member St. Loiiis Engineers' Club, with discussion. Read Feb. 6, 1889. Jour.
Assn. Eng. Soc, June, 1889. Vol. VIII., p. 327.

. The relative strength of different forms of cast iron yokes, as found by
actual tests, including the "Johnson solid web yoke." Street Ry. Gaz., March,
1889.

Cable Railroad, Improved. Illustrated description of new form of cable road, in

which the cable is supported on trucks attached to it, and each truck frame car-

ries a projection intended to engage with the driving device carried by the car.

Mechanics. January, 1889.

of Kansas City. Table showing present condition and mileage of Kansas City
cable roads. Eng. News, Dec. 8, 1888.

—— Machinery. An illustrated description of Walker's differential cable drums,
designed to prevent the irregular wear in grooves of cable drum and obviate
excessive wear of cable. Am. Engr., Dec. 5, 1888.

at Los Angeles, Cal. Description of. See Los Angeles Cable Road.
, The First in Denver. Description, with illustrations, by Charles H. Fitch.

Mechanics, February, 1889.

Cable Towing in France. A description of the methods and apparatus used in

France for towing boats by continuous cables carried over pulleys on shore. The
Railroad and Engineering Journal, April, 1889.

Cairo Bridge, Fast Erecting on. See Bridge.

Calculating Machine, invented by A. P. Leschorn, M. E. , with Phoenix Bridge
Co. Has special application to truss calculations. Brief illustrated description*

Eng. Neics. Nov. 21, 1888.

Canadian Pacific Railway Tunnel Sections. See Tunnel Sections.

In 1889. Abstract of a paper read by R. E. Peary, C. E., U. S. N., at the Sea-

bright convention of the Am. Soc. C. E. Eng. News, Aug. 3, 1889, Vol. XXII.,
p. 101, et seq.

, Corinth. By Armand Saint-Yves. Abstract from Annals des Fonts et

Chaussees, 6th Series, Vol. XVI., 1888, p. 392. Froc. Inst. Civil Eng., Vol
XCVL, 18S8, p. 379.

Canal. Hydraulic Canal Lift. A description, with illustrations, of the hydraulic

lifts used to overcome large differences of level in the canal of the centre, in Bel-

gium. The Railroad and Engineering Journal, March, 1889.

Hydraulic Lift, at La Louviere, Belgium. Illustrated description. Lond.
Engr., Dec. 14, 1888; Jan. 11, 1889; Jan. 25, 1889.

. Intelligence Report by Lieut. Chas C. Rogers, U. S. N. See Panama Canal.
, Manchester. General description. Illustrated. Eng. and Build. Rec, Nov.

17, 1888. Organization and methods of work. Eng. and Build. Rec, Dec. 8, 1888,

Dec. 15. 1888.

, Manchester. A succinct account of the alternative schemes and of the ac-

companying engineering studies. By A. G. Lyster. Trans. Liverpool Eng. Soc,
Vol. VII., p. 47 (1886).

, Manchester, Manchester Docks Section. Descriptions and illustrations show-
ing progress on these important docks. Lond. Engineer, Aug. 2, 1889.

. San Bias Canal vs. Panama Canal, and Sea Level vs. Locks. Paper by
Wm. W. Redfield. Read before Minneapolis Society of Civil Engineers, May 8,

1889. Jour. Asso. Eng. Soc, June, 1889, Vol. VIII., p. 315.

-, The Proposed Lake Michigan and Mississippi, Levels of the Lakes as affect •

ed by. By Geo. Y. Wisner and others. Read before the Western Soc. of Engrs.,

Sept. 5, 1888. Jour. Assn. Eng. Soc, March, 1889.

, The Nicaragua . A good description of the proposed work, with map. By
Commander H. C. Taylor, U. S. N. Paper read before Franklin Institute, Oct.

15, 1888. Journal of the Franklin Institute, Jan. and Feb., 1889.
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Canal, The Nicaragua. For description of this proposed work, lithographs of plans,

profiles, etc., see pamplet issued by the canal company. Exposition Universelle

de Paris Canal de Nicaragua, 1889.

, The Nicaragua. General description, plans, profiles and data concerning

quantities of work to be done, etc. Eng. News, Sept. 14, 18F9. Also pamphlet

issued hy canal company, New York.
Canalization of Rivers. Valuable paper. See River Improvements.
Car. Stone Carfor Large Blocks of Stone. See Stone Car.

. Illustrated description of a new form of car built of steel, asbestos, iron pipe

and wood. R. R. Gas., Jan. 4, 1889.

Car Axles. See Temperature.
Car-Builders' Assn. Report of the convention at Saratoga, giving details of brake

gear recommended. Illustrated. Railroad Gazette, June 28 and July 5, and
Mast. Mech., August, 1889. Proc. M. C. B. Assn., 1889, p. 109.

Cars, Clearance Width of Railroad. Railroad Gazette, Nov. 9, 1888.

. Thirty-Ton Combination Car, Chesapeake & Ohio Railway.llllustrated de-

scription. R. R. Gas., Feb. 1, 1889.

, Iron. See Iron Cars; also Iron, Uses of, in Freight Car Construction.

, Pullman Vestibule Sleeping. General and detail drawings and description.

R. R. Gazette, Nov. 23, 1888.

Car Heating system in use on A., T. & S. F. Ry. Discussed at meeting of Western
Railway Club. 3fast. Mech., Dec, 1888.

. Illustrated description of the system in use on the 111. & St. L. R. R. The
Timlin-Heidinger system has been in operation on this road since October, 1887.

With temperature at 10 degrees below zero is said to heat cars to 70 degrees in

fifteen minutes. No perceptible increase in fuel consumption on locomotive has
been noticed, or aDy decrease in the motive power. R. R. Gaz., Dec. 7, 1888.

. The Heating of Railway Cars. Discussion of the subject before the North-

west Railroad Club, March 5, 1889. Master Mechanic, April, 1889.

. Report of 25 pp., by Prof. Lanza, giving theory and present practice. An
important paper. An. Rept. R. R. Commissioners of Mass., 1889.

Car Wheels and Axles for 60,000-Zb. Freight Cars. Discussion of the subject before

the New York Railroad Club, at the December meeting. Discussion opened by
a paper on the subject by Mr. G. N. Barr. Also editorial notes on same. R. R.
Gas., Dec. 28, 1888; Master Mech., Jan , 1889.

. M. C. B. specification for cast-iron car wheels. Specifications respecting

both materials and testing are given. Railway World, July 13, 1889; R. R. Gas.,

July 5, 1889. Proc. M. C. B. Ass'n., Auraloga, 1889, p. 82.

Cast Iron, Effects of Silica and Aluminum in. See Silica.

. How to Test Cast Iron. Article by Prof. J. B. Johnson, Washington Univer-

sity, St. Louis. See Tests.

The Influence of Silicon in Cast Iron. Paper by W. J. Keep, Detroit, Mich.
Read before the Am. Inst. Min. Eng. at New York meeting, February, 1889.

Trans. Am. Inst. Min. Eng., New York meeting, February, 1889.

Cattle Guards and Culverts. Descriptions and detail illustrations of several use-

ful forms of these minor railway structures. Eng. News, Aug. 24, 18S9, Vol.

XXII., p. 174.

Cement Mortar, Permeability of. Notes by Prof. L. M. Haupt, and experiment by
the Board of Experts on the Washington Aqueduct Tunnel. E. & M. Jour.

April 27, 1889.

•. The Permeability of Portland Cement Mortar and its Decomposition by
Sea Water. Paper oy L. Durand-Claye and P. Debray in Annates des Ponts et

Chaussees, Vol. XIV., p. 316, 1888. Proc. Inst. C. E., Vol. XCVIL, p. 445, Lon-
don, 1889.

. Portland, Cement Mortals and their Decomposition by Sea Water. Resume
of a memoir on the permeability of Portland cement mortars and their decom-
position under the action of sea water. By MM. Durand-Claye and Paul Debray
in Annates des Ponts et Chaussees. R. R. Gaz., Dec. 28, 1888.

Cement. Permeability of Cements, and their Decomposition under the Action of
the Sea. By MM. Leon Durand-Claye, Eng. in Chief of Bridges and Roads, and
Paul Debray, Ass't Eng. Translated by Prof. L. M. Haupt. An account of some
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valuable experiments on the above subject. Illustrated. Journal of the Frank-
lin Institute, March, 1889.

Cement, Rock and Gypsum Deposits in Buffalo. Paper by Julius Pohlman, Buffalo,
N. Y. Proc. A. I. M. E., Buffalo meeting, October, 1888.

Tests. New German (1887) Standard Rules in. Proc. Inst. Civ. Engrs.,
Vol, XC, p. 474.

. The Manufacture of Slag Cement. See Slag Cement.

. The Manufacture and Properties of the Cements of the Is&re. An abstract
of an article from Annates des Pouts et Chaussees, Vol. XVII., 1889, p. 755; in
Proc. Inst. C.E., Vol. XCVIII., p. 415, 1889.

Centrifugal Fan Blower. An investigation by Chief Engineer J. Sherwood, U. S.
N. See Blower.

Centrifugal Pumps. See Pumps.
Century of Progress. An editorial article with "diagrams showing growth of

railways, waterworks and population of the United States and Canada." Eng.
News, April 27, 1889.

Chemical Examination of Drinking Water. See Water.
Chignecto Ship Railway. Maps showing location and a general description of

this proposed ship railway from Bair Verte to Bay of Fundy; also abstract of
report by Mr. Benjamin Baker. Eng. News, Sept. 7, 1889, Vol. XXII., p. 218.

Child's Patent Piston Valve Steam Engine. See Engines, Steam.
Chili, Railroads in. Map and description. Railroad Gazette, Nov. 23; Eng. News,

Dec. 8, 1888.

Chlorine, Manufacture of. Brief outline of the Weldon-Pechiney process for the
manufacture of. Eng. & Min. Jour., Nov. 24, 1888.

Circulation of Water in Boilers. See Locomotive Boilers.
Cities in United States, Social Statistics of. Compiled by Geo. E. Waring, Jr.,

containing a great deal of matter of interest to sanitary and municipal engineers.
Tenth Census, Vols. XVIII. and XIX.

City Survey of the City of Berlin. See Survey.
Civil Engineering and Surveying Progress, Report on, by a committee of the

Civil Engineers' Club of Cleveland, read Oct. 9, 1888. Jour. Assn. Eng. Soc, Jan-
uary, 1889.

Clay, Varieties of, and their Distinguishing Qualitiesfor making Good Puddle. A
paper by William Gallon, Assoc. Member Inst. C. E. Eng. News, Dec. 1, 1888.

Clearance Diagram. See Rolling Stock.
Clearing Water by Settlement, Observation and Theory. A paper read before the

St. Louis Engineers' Club,,May 15, 1889, by Mr. James A. Seddon. Illustrated by
several plates. Pp. 15. Journ. Assn. Eng. Soc, October, 1889, Vol. VIII., p. 477.

Cleveland, Central Viaduct, The. See Viaduct.
Coal, Anthracite, Weight Per Cubic Foot of Different Sizes. Eng. and Min. Jour.,

Jan. 5, 1879.

, Consumption of, as Affected by Enginemen. Article by Geo. H.Baker, of

considerable value. R. R. Gas., Aug. 2, 1889; Mast. Mech., September, 1889.

, Soft, Burning in Locomotives. See Western Coal Burning.

. Table of Weights per cu. ft., and specific gravity, etc. See Anthracite Coal

•

Coal Mines, Electric Haulage in. See Electric Haulage.
Coal-Mining Machine, The Ingersoil-Sergeant. Brief description, with record of

work. Illustrated. E. & M. Jour., Feb. 2, 1889.

Coast Defense. See Signals.

Cold Weather, Effect of, on Train Resistance. See Train Resistance.

Colliery Explosion at Dour, Belgium. See Explosion.

Colorado Coal Region. The Northwestern Colorado Coal Region. Paper by G.

C. Hewett, Glenwood Springs, Col., pp. 5. Proc. A. I. M. E., Buffalo meeting,

October, 1883.

Columns. Comparison of Formulas,for the Strength of. By Thos. H. Johnson, C. E.,

of Pittsburgh, Pa. Eng. News, Dec. 22, 1888.

. Experiments on the Strength of Bessemer Steel Bridge Compression Mem'
bers, giving results and discussion of a series of eight tests on full sized compres-

sion members, made by Mr. James G. Dagron, M. Am. Soc. C. E. Pp. 8, 4 plates.

Trans. Am. Soc. C. E., June, 1889, Vol. XX., p. 254.
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Compass, The Guiding Needle on an Iron Ship. Popular paper by T. A. Lyons, U.

S. N., of considerable technical interest. Popular Science Monthly, January,

1S89, Vol. XXXIV., p. 289.

Compound Locomotives at the Paris Exhibition, 1889. Illustrated article describ-

ing engines in use on the Paris, Lyons and Mediterranean Ry. Land. Engineer,

Aug. 9, 1889.

on B. & O. Road. Description of a new Baldwin compound locomotive now
in use on the B. & O. R. R. in fast passenger service. Ry. Rev., Nov. 23, 1889.

Compressed Air. Experiments upon the Transmission of power by Compressed

Air in Paris. A paper by Alexander B. W. Kennedy, F.R.S., Lond. Engineer-

ing, Sept. 13, 1889, Vol. XLVIIL, p. 320. Lond. Engineer, Sept. 20, 1889, Vol.

LXVIIL, p. 253. Sci. Am. Supp., Oct. 26, 1889. Ry. Rev., Sept. 28, 1889.

for Blast in Cupola Furnaces. Brief notice of the successful application of

compressed air direct to a cupola furnace for the melting of iron for casting pur-

poses. Eng. and Min. Jour., Nov. 21, 1888.

System. The Popp, in Paris. Lond. Eng., Feb. 15, 1889.

, Transmission of Poiver by. A paper by Professor Unwin, giving in simple

form the laws governing this method of transmitting power. Proc. Inst. Civ.

Engrs., Vol. XCIIL, p. 421.

Compressed Oil G-as. See Oil Gas.

Concentration of Iron Ore. A paper by Mr. John Birkinbine and Thomas A. Edi-

son, reviewing the various methods in use for concentrating iron ores. Am. Mfr.,

July 5, 1889.

Concrete Construction. See Iron and Concrete.

Condensers for Steam Engines, by J. H. Kinealy, read before Engineers' Club of

St. Louis, Dec. 5, 1888. Jour. Assn. Eng. Soc, Jan., 1889.

, Surface. See Surface Condensers.

Conduits. Underground Conduits and Electrical Conductors. See Electrical

Conduits.
Construction of a Railroad Embankment to be submerged. Paper by Lawson B.

Bidwell, M. Boston Society of Civil Engineers. Read April 17, 1889; pp. 7.

Journ. Assn. Eng. Soc. August, 1889, Vol. VIII.. p. 443.

Contracts, Prices of Dredging Contracts. See Dredging Contracts.

Copper Industry, Review offor 1838. "Never before has information of such enor-

mous practical value and of such serious import been published for the benefit

of the copper industry." Eng. and Min. Jour., Jan. 12, 1S89.

Steam Pipes. See Engines, Steam.
Corliss Engine, The Bullock. Illustrated. Description of new design of Corliss

engine built by the M. C. Bullock Mfg. Co., Chicago. Eng. and Min. Jour., Nov.

24, 1888.

Corrosion and Fouling of Steel and Iron Ships. An exhaustive paper by Prof.

V. B. Lewis. Sci. Am. Supp., Aug. 3, 1889.

and Pitting in Marine Boilers. An article stating results of experience, and
giving composition of boiler scale; also suggesting methods of preventing cor-

rosion, etc. Mechanics, September, 1889.

Cost of Aqueduct Masonry in Detail. See Masonry.
Cost of "Working the Hartz Mountain Railway. See Hartz Mountain Railway.
Counterbalancing a Main Rod. An illustrated description of a practical method

of counterbalancing a main lod on locomotives. Master Mech., January, 1889.

Locomotive Driving Wheels. An investigation to determine the possibility of

obtaining a perfectly balanced wheel. A valuable paper, with formulee. Master
Mech., December, 1888.

Couplings for Steam Heating, Discussion of the subject before the New England
Railroad Club. R. R. Gas., Feb. 22, 1889; Mast. Mech.. March, 1889.

Crank Shafts, Bent. An account of the process of making crank shafts of large

size by bending to the required shape as practiced in England. By W. H. Booth.
Am. Much., June 27 and Aug. 22, 1889.

Crank Transmission. Results of a series of tests made by H. J. Crandall & Son.
Illustrated, given in Power, September, 1889.

Creosotin?. Works at Fernandina, Fla. R. R. Gazette, Nov. 16, 1888.

Croton Aqueduct, Head, House at Shaft 17. See Head House.
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Croton Aqueduct. Inverts ami Side Walls. Method of cons, tructing some forms
of invert tern plate used, etc. Illustrated. Eng. <£• Build. Rec, Nov. 16, 1889.

Croton Storage. Correspondence from Samuel McElroy, C. E., with editorial
criticism. Eng. News, Dec. 22, 1888.

. A paper read in 1889 before the Western Society of Engineers, by Mr.
Samuel McElroy. Contains much valuable data respecting the storage of
water in this important basin. Pp. 12. Journ. Assn. Eng. Soc, October, 1889,

Vol. VIII., p. 494.

Crusher. The Morris Ore Crusher and Pulverizer. Illustrated description of a
new form of jaw crusher, Am. Mfr., Feb. 22, 1889.

, The Gates. An illustrated description of the Gates Stone Breaker and Ore
Crusher. Am. Mfr., Dee. 14, 188S.

Culverts. A good example cf an arched stone culvert for railroad embankment,
with table of cost. Illustrated. Eng. News, June 8, 1889.

and Cattle Guards. See Cattle Guards and Culverts.
. Box Culverts, Canadian Pacific Railway. With detail drawings. Eng.

Neivs, Dec. 29, 1888.

For Railroads. By Ed. A. Hill. A supplemental paper relating to the Nichols
Hollow Culvert. An. Rep. III. Soc. Engrs. and Surveyors, 1889, p. 75.

. See Railroads.
Cupola Furnace, Compressed Airfor Blast in. See Compressed Air.
Cupolas/o?- Melting Pig Iron. By M. A. Gouvy, Jr. Illustrated. Translated from

the French by W. F. Durfee. E. & M. Jour., Feb. 16, 1889, et seq.

Curved Dams, Stresses in. See Dams.
Curves. On Measurements of Curves and Switches for Street Railways- A brief

note of some interest explaining methods of measuring existing curves on street

railways with tape alone. St. Ry. Journ., October, 1889.

Cylinder Expansion, Methods of Diminishing. See Steam Engines.
Cylindrical Wheels and Flat Topped Rails for Railways. A paper by D. J.

Whitemore, M. Am. Soc. C. E., objecting to the usual form of rail, and propos-
ing to substitute a flat topped rail exactly fitting the tread of the wheel. Pp. 19;

plates, 7. Trans. Am. Soc. C. E., Sept., 1889, Vol. XXI.. p. 133.

Dam of the Cambridge Water-Works on Stony Brook. A paper by Wm. S. Bar-
bour, read before the Boston Society of Civil Engineers, giving methods of con-

struction used and difficulties encountered in building a dam on sand and gravel
foundation. Eng. & Build. Rec, June 5, 1889.

. Sodom Dam and Reservoir. Description and outline of specifications for

proposed Sodom dam by Mr. Harold Brown. Illustrated. Sci. Am., Aug. 17, 1889.

. Discussion on "Francis on High Dams." Trans. Am. Soc. C. E., October
and November, 1885, Vol. XIX., p. 147.

—. High Masonry Dams. By James B. Francis, Past Pres. Am. Soc. C. E. A
very valuable discussion of the problem of high masonry dams under water press-

ure. With discussion. Illustrated, pp. 24. Trans. Am. Soc. C. E., Octobe^
1882, Vol. XIX., p. 147.

, Straight vs. Curved. Correspondence. Eng. News, Dec. 29, 1888.

, Strains in Curved. Correspondence, Curved vs. Straight Dams. Relative

to proposed design of Quaker Bridge Dam. Eng. News, Dec. 1, 1888, Dec. 8, 1888;

Am. Engr., Nov. 28. 1888.

, Strains in Curved Dams. By Prof. I. P. Church. Eng. News, Dec. 22, 1888.

, Sweetwater, the Construction of. By Jas. D. Schuyler, M. Am. Soc. C E. A
complete description of this dam. Dimensions: Base, 46 feet; top thickness, 12

feet; height, 90 feet; dam on curve; radius of arch, 220 on line of face at top.

Illustrated, pp. 18. Trans. Am. Soc. C. E., Nov., 1888, Vol. XIX., p. 201.

, The Quaker Bridge. Paper by Wm. A. Pike, read before the Minneapolis
Society of Civil Engineers, Jan. 2, 1889. Jour. Assn. Eng Soc, April, 1889.

, The San Mateo, Spring Valley Water-Works, San Francisco. Full illustrated

description. Eng. Neivs, March 2, 1889.

, The Yyrnvjy. A description, with illustrations, of the dam on the Vyrnwy
River in Wales, built in connection with the Liverpool Water-Works. Give s
dimensions of structure, composition of the concrete, with results of tests on
same, etc. The Railroad and Engineering Journal, Jan.. 1889.
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Dam, Cable Plant for Construction. Illustrated description of the plant of

machinery used by the contractors in the construction of the "Sodom Dam," New
York \Y ater Supply. Sci. Am. Supp., Jan 5, 1889. See Sodom dam.

. Neio York Water Supply. A short description of the dam, with a very com-
plete description of the machinery used in its construction. With illustrations.

Eng. News, Dec. 1, 1888.

. For a complete report on the various dams and reservoirs in the State of

Rhode Island, including sketches showing principal characteristics, dimen-
sions and manner of construction, etc., see Annual Reports of the Commis-
sioner ofDams and Reservoirs for 1885, 1886, 1887, 1888 and 1889.

. State supervision of dams and reservoirs. Editorial article. Eng. News.
Aug. 24, 1889, Vol. XXII., p. 182.

Derrick Car, Fifteen-Ton. Illustrated description of a well-designed derrick car on
the Pennsylvania Railroad. Dimensions and bill of material given. R. R. Gaz.,

Oct. 18, 1889.

Development of the Iron Bridge. Notes by Squire Whipple. See Bridge.

Disaster, The Flat Creek Trestle. Dlustration and description of the scene of this

disaster, and discussion of causes, etc. Eng. News, August 31, 1889, Vol. XXII.,
p. 198.

Discharge in Times of Floodfrom Calchinent Areas. See Flood Discharge.

Dock. The Government Timber Dry Dock, St. Johns, Newfoundland. A paper by
H. C. Burchell, before Canadian Society of Civil Engineers. Illustrated. Eng.
News, October 12, 18S9, Vol. XXII., p. 338.

. New Docks at Glasgow Harbor. Illustrated article, descriptive of Glas-

gow docks and details of construction of the new docks. Lond. Eng., August 9,

1889.

and Machinery. See Ore Docks.

Dock Gates. On the New Steel Dock Gates of Limerick Floating Dock. Paper by
Wm. J. Hall, B. E., Assoc. M. Inst. C. E. Pp. 7. Proc. Inst. C. E., Vol. XCVIL,
p. 335. London, 1889.

Dock Yards. Report on European Dock Yards. By Naval Constructor Philip

Hichborn, U. S. N. A valuable and exhaustive report, containing descriptions

of vessels, and giving details of all leading European dock yards. Washington
Gov't Print. 4to, pp. 88. 63 Plates.

Dow's Positive Piston Pump. See Pumps.
Drainage by Open Tile. See Tile Drains.

of New Brighton, S. I. A discussion of problems connected with the drainage
and sewerage of New Brighton, Staten Island. By Arthur Hollick ; pp. 10. School

of Mines Quarterly, Columbia College, July, 1889. Vol. X., p. 302.

of New Orleans. Brief abstract of scheme devised by B. M. Harrold, City Sur-
veyor of New Orleans. Eng. News, Dec. 15, 1888.

• of the Valley of Mexico. By Richard E. Chism. An elaborate project for the
drainage of the Valley of Mexico, with map, Gives geology of the valley, rain-

fall and evaporation. Eng. & Min. Jour., Dec. 8, 1888.

Drainage Tunnelfor City of Mexico. Map and profile of proposed drainage tun-
nel, with description of present conditions and proposed improvements. Eng.
News, Aug. 10, 1889. Vol. XXII., p. 122. Sci. Am. Supp., Aug. 10, 1889.

Draw Bar. Riggingfor Freight Cars. See Rolling Stock.

Drawbridge. See Bridges.

. Electric Motorfor Drawbridges. Illustrated description of the new elec-

tric turning gear of a drawbridge at Bridgeport, Conn. Street Ry. Journ., May
1889, VoL V., p. 119.

Draught. Forced vs. Natural. Tests on two steamers making identical voyages,
at almost the same time—one using forced draught and the other natural, the
machinery, steamers and other conditions being practically alike. London Eng.,
Jan. i, 1889.

Dredge, The Lobnitz Rock-Breaking. Illustrated description of a dredge for the
removal of rock under water by first breaking it into blocks of convenient size,

and then lifting these to the surface by a strong chain of buckets. Eng. News,
Jan. 26, 1889.

. Hopper Suction Dredge lor Port of Libau. Illustrated description. At
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test, hopper was filled in 35 minutes with 500 tons of sand and clay, then steamed
out to sea and unloaded in a few minutes through bottom doors. London, Eng.,
Jan. 11, 1889.

Dredging- Contracts, Prices of. A list of prices of the accepted bids on dredging
contracts let between Feb., 1888, and Feb., 1889. Eng. News, March 23, 1889.

Drexel Building, Philadelphia. Complete description, with illustrations. Eng.
and Bid. Bee, May 4, 18S9, et seq.

Driver Brakes. See Brakes.
Driving "Wheels of Locomotives, Counterbalancing of. See Counterbalancing.
Dumping Scow, An Automatic Bock. See Automatic Rock Dumping Scow,
Dynamos. Wind ing"of Fields and Armattcres. A concise and clear statement of

the methods of determining the proper winding for a dynamo which is to pro-

duce a given E. M. F. and current at any given speed, by Prof. Francis E. Nipher.
Journal of Assn. Eng. Soc, May, 1889, Vol. VIII., p. 271.

Dynamo Regulation, by means of a third brush. Revised abstract from
graduating Thesis, Cornell University, by Edward Caldwell. Contains some
interesting experiments on constant potential regulation by this means. Elec.

Bev., Jan. 4, 1889.

Dynamometer. Friction of a Transmitting Dynamometer. Abstract of paper
by Samuel Webber, Charlestown, N. H., describing tests on the friction of a
Webber transmitting dynamometer at different loads and speeds. Mechanics
June, 1889.

Dynamometer Car, Western Bailway of France. Description of a arc

designed to make the following researches: (1) Measurement and registration

of tractive efforts; (2) registration of total work done; (3) registration of speed; (4)

registration of number of revolutions of wheels; (5) registration of time at ten-

second intervals; (6) marking kilometres run and other points of interest; and
(7) the analysis of the products of combustion from locomotive. Illustrated. By.
Bev., October 26, 1889, Vol. XXIX., p. 627.

Dynamometric Brake. Brauer's. Described and illustrated in Proc. Inst.

Civ. Engrs. Vol. LXXX., p. 266.

Earthwork Computations. The legal status of " end-area " earthwork computa-
tions. An editorial article of value in Eng. News, Nov. 9, 1889. Vol. XXII., p. 445

Earthwork. Consolidation of treacherous slopes in heavy cuts by means of rub-

ble spurs perpendicular to face of slopes. An. des Ponts and Chaussies, 1888, p.

5; Abstract in Proc. Inst. Civ. Engrs., Vol. 7«>0V., p. 466.

. Excavation by steam shovel, with table of details of cost on five different

pieces of work. Eng. News, June 8, 1889.

Easement Curves. A valuable article by Mr. Willard Beahan, with table and il-

lustrative example. B. B. Gaz., May 31, 1889.

Edison Chemical Meter. See Meters, Electric.

Edison's Magnetic Separator. See Separator.

Eiffel Tower. A very complete article, showing details of foundations and super-

structure, together with methods of erection, etc. Fully illustrated, Lond. Eng.,

May 3, 1889, Vol. XLVIL, p. 415 et seq.

, The. Illustrated description of the 300 metre tower now being erected at

Paris. Eng. <& Build. Bee, Dec. 15, 1888; (Wind Pressures), Dec. 22, 1888; (Ele-

vators and Cost), Dec. 29, 1888.

, The. Illustrated description. Details of Construction. Lond. Engr., Jan. 4,

1889; Jan. 11, 1889; Jan. 18, 1889.

, The Lifts in. Illustrated descriptions of the hydraulic lifts in the Eiffel

Tower. The Engineer, July 19, 1889. Lond. Eng., July 5 and 12, 1889.

Electric Cables. See Underground Electric Cables.

Electric Coal Mining Machine, The Jeffrey. Illustrated description, E. & M.
Jour., July 6, 1889.

Electric Crane. A brief description of a portable, self-propelling electric crane to

lift 15 cwt., recently constructed and now in operation. London, Eng., Elec.

Bev., Nov. 30, 1888.

Electric Currents. Modem Views'as to Electric Currents. Abstract of an ad-

dress at anniversary of Johns Hopkins University, by Prof. Henry A. Rowland.
The Elect. World, March 9, 1889.
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Electric Haulage in the Anthracite Mines. By A. W. Sheafer, from Proc. Engr.

Club of Philadelphia. Read June 2, 1888. Gives comparative costs by mule,

steam and electricity. Elec. Rev. Nov. 30, 1888.

Electric Installations, Regulationsfor the safety of. Issued by the Electro-tech-

nical Association of Vienna. Contains many good suggestions for those making
out specifications for electric installations. Elec. Rev., Jan. 12, 1889.

Electric Light and Dangerfrom Fire. Some curious experiments recently made in

the laboratory of the Paris Soc. of Electricians as to the danger of fire from elec-

tric lighting. Elec. Rev., Nov. 23, 1S88.

. The National Convention at Chicago . A full account of the proceedings,

including an interesting discussion on underground wires, ownership by munici-

palities of electric light plants, use of fuel oil, etc. The Electrical World,
March 2, 1889.

. Central Stations. The new uptown stations of the Edison Illuminating

Company, New York. Illustrated. Gives details of building and arrangement
of steam and electrical apparatus. The Electrical World, Jan . 19, 1889.

for Steam Ships. A valuable illustrated paper, with discussion, in Proc.

Inst. Civ. Engrs., LXXIX., pp. 1-95.

. Test of Plant, Edison. Paper by JohnW . Hill, read before Am. S. C. E. A
very full account of test of an Edison isolated incandescent electric light plant

at the Union Central Passenger Depot at Cincinnati consisting of nominal
capacity of 800 16 candle-power lamps. Elec. Rev., Dec. 21 and 28, 1888. Trans.

Am. S. C. E., June, 1888.

Electric Meters, for Central Stations. A paper read before the Society of Arts
Jan. 23, 1889, by Prof. Geo. Forbes, F. It. S. Gives description of the different

forms of meters now in use, with full discussion of the subject. Jour. Soc.

Arts, Jan. 25, 1889.

Electric Mining Hoists. See Mining Hoists

.

Electric Motor. On the Speed Regulation of a Motor in the Electrical Transmis-
sion of Power. Paper by M. Marcel Deprez, in Comptes Readus. Elec. Rev.,

April 26, 1889.

for Draicbridges. See Drawbridge.
Electric Plants. Steam Plantsfor Electric Service. See Steam Plants.

Electric Railways. Paper by George W. Mansfield, read at Niagara meeting of

National Electric Light Association. St. Ry. Gaz., August, 1889.

. Some Recent Electrical Work on the Elevated Roads, and its bearing on the
rapid transit problem. Paper by Mr. Leo Daft read before Inst, of Electrical

Engineers, June 25, 1889. Elec. Rev., July 6, 1889; Electrical World, July 6,

1889.

in Mines in Germany. Description, experiments, efficiency, duty, cost of

installation and of haulage, etc. Abstracted in Proc. Inst. Civ. Engrs., Vol.

XC, p. 513.

. Problems in Electric Traction . A paper by Dr. Louis Bell, Perdue Univer-
sity, giving results and discussion of a series of experiments made on an electric

railway at Lafayette, Ind. Electrical World, June 22, 1889; Elec. Rev., July 12,

1889.

Electrical Resistance Governor. See Resistance Governor.
Electric Semaphore Signal, Long's. An illustrated description. Railroad

Gazette, Nov. 30, and Eng. News, Dec. 1, 1888.

Electric Station. The New Station of the Edison Electric Light Company at
Philadelphia. Illustrated description. Power, May, 1889.

Electric Subways. Letter and report of Major of Engineers, Chas.'W. Raymond
A valuable paper reporting on the desirability of undergrouod wires for City of

Washington, with numerous letters from electric companies and electricians,

also including a report on proposed subways for New York by Julius W.
Adams, etc., etc. Illustrated. Senate Mis. Doc, No. 15, 50th Congress, second
session.

Electric Train Lighting. A paper by Mr. Charles Selden, Supt. of Telegraph,
Baltimore & Ohio. The paper reviews three systems, and gives a detailed state-

ment of the cost of equipment and subsequent operation. R. R. Gaz., October,
25, 1889. Vol, XXL, p, 691.
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Electric Tramways. An account of the Bessbrook and Newry Tramway, Eng. A
successful Electric Railway. Proc. Inst. Civ. Engrs., Vol. XC, 193-381.

Electric Transfer Table. See Transfer Table.
Electric Transmission of Power, The Present Status of'. A paper read before

Am. Inst. Min. Engrs., Oct., 1888, by Richard P. Rothwell. Eng. & Min. Jour.,
Jan. 5, 1889.

Electric Weighing Machine. The Snelgrovo Electric Weighing Machine. An
ingenious self-balancing weighing device, described and illustrated in Elec. Rev.,

• August 10, 1889.

Electric Welding. Abstract of remarks made by Prof. Elihu Thompson on show-
ing his electric welding apparatus in operation at the meeting of the Franklin
Institute held September 19, 1888. Illustrated. Elec. Rev., Nov. 16, 1888.

. Abstract of a paper by C. J. H. Woodbury at the Scranton meeting Am.
Soc. Mec. Eng. With discussion. R. R. Gaz., Nov. 2, 1888.

. Fibrous structure of an electric weld, printed from an etched specimen of a
butt-welded bar. Eng. News, Sept. 21, 1889, Vol. XXII., p. 273.

, Thomson's. Illustrations showing sections of bars welded by the Thomson
process. E. and M. Jour., Feb. 9, 1889.

. The Thomson Electric Welding Process. A paper read before the Iron and
Steel Institute, by Mr. W. C. Fish, of Boston, Mass. Describes essentials of a
welding plant, and gives a few results of tests of welded specimens of metals.

Lond. Engineering, Oct. 4. Abstract in The Iron Age, Oct. 24, 1889.

. The Benardos. Illustrated description. Eng. and Min. Jour., Jan. 5, 1889.

Electric Wires, Safety of Overhead. Condensed from report of evidence before the

Massachusetts Committee on Street Railways during February and March.
Street Ry. Journ., May, 1889, Vol. V., p. 125.

Electrical Conduits. Underground Conduits and Electrical Conductors. A paper

read before the Inst, of Elec. Engs., by John B. Verity. Elec. Rev., April 26, 1889

Electrical Distribution, A System of. A paper read before the Society of Tele-

graph Engineers and Electricians, by Henry Edmunds, Nov. 22, 1888. Illustrated,

with discussion. Elec. Rev., Nov. 30, 1888.

Electrical Railway. See Power Station.

Electrical Transmission, Recent Improvements in. Paper by N. S. Possons, read

before the Civil Engineers' Club of Cleveland, Nov. 13, 1888. Jour. Assn. Eng.

Soc, April, 1889.

Electrical Units, etc. Report of meeting of International Congress of Electricians

held at Paris, 1889; session of Aug. 29, 1889. Several valuable reports abstracted

in Elec. Rev., Sept. 13, 1889, et seq.

Electricity. Alternating Current Machinery. A paper by Gisbert Kapp, Assoc.

M.Inst-, C. E.,with discussion and correspondence on same by various mem-
bers. Pp. 104. Proc. Inst. C. E.. Vol. XCVIL, p. 1. London, 1889.

as a Motive Power, conditions necessary to a financial success in use of. A
paper before Am. St. Ry. Assn. By Thos. C. Barr, discussing the financial side

of the question mainly. St. Ry. Gaz., October, 1889.

as a Traction Force. By Roman Baron Gotskowski. Gives formulae, with

special reference to the accumulator battery. Elec. Rev., Dec. 28, 1888.

and Gas, Comparative Cost of. Reprint from _Gas _and Water Review in

Elec Rev.. Sept. 13, 1889.

.

m Cable Telegraphy. A valuable lecture delivered "before the Frank. Inst.,

March 11, 1889, by Patrick Bernard Delaney. Jour. Frank. Inst., July, 1889.

Vol. CXXVIII., p. 33.

Distribution of. Annual Report of the Neio York Board of Electrical Con-

trol. Recommendations in regard to subways, underground conduits, etc.,

for distribution of electricity in New York City. The Electrical World, Jan. 12,

1889.

>
Elementary Text Books on. List of some 80 elementary books on electricity

in the library of the Gramme Soeiety, of Kansas City, Mo. The Electrical Engi-

neer, September, 1888.

. Ether, Electricity and Ponderable Matter. Presidential address before the

London Inst, of Electrical Engineers, by Sir Wm. Thomson. A mechanical ex-

planation of electrical phenomena. The Electrical World, April 27, 1889.
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Electricity. Index to Current Electrical Literature, extending from October, 1887,

to July, 1888, inclusive; 172 pages, with some 10,000 references. Transactions of

American Institute of Electrical Engineers, Yo\. V., 1831 (Published by the In-

stitute, Temple Court, New York.)
. New Alternating Current System. A brief description of the new dynamo

and converter of Chas. F. Brush. Illustrated. The dynamo has a fixed armature

and a revolving field. Elec. Engr., August, 1889.

. Prof. Elihu Thomson's New Method of Regulating Current, or, Potential in

the Secondaries of Transformers. Illustrated paper. Elec. Rev., April 26, 1889.

. Purification of Sewage. See Sewage, Purification of.

. Secondary Batteries. By William Henry Preece, F. R. S. Journ. Soc. Arts. ,

May 3, 1889, Vol. XXXVII. , p. 540.

. See Buoys, Electric Lighted.

. Storage Battery. Development and Progress of. By Wm. Bracken, at

Niagara meeting of National Electric Light Association. St. Ry. Gaz., Aug. 1889.

. The Portelectric System of Transportation. Description, with illustrations,

of a system of electric transportation adapted for letters and small parcels in

cities. The Electrical World, May 4, 1889.

, Transmission of Power by. A lecture before the Franklin Institute, Nov.
12, 1888, by Frank J. Sprague. Gives some new and useful formulae for designing

systems of electrical power transmission. The Journal of the Franklin Institute,

March, 1889.

Transmission of Power. Difficulties in the way of, by alternating current

motors. Papers read before the Elektrotechirchen Verein of Berlin. By Alard
Du Bois Raymond. Elec. Rev., Feb. 1, 1889.

Elevator. Balanced Hydraulic Ram. A description of the Edoux Lift in the

Eiffel Tower, Paris. Am. Much., Aug. 8, 1889.

Emery "Wheels and Files. Comparative amount of work done by each. Illustra-

tions showing cuts made in same piece of metal by emery wheel and file in same
length of time. R. R. Gaz.. Feb. 15, 1S89.

'End-Area." Earth-Work Computations, Legal status of. See Ea.rth-Work
Computal ions.

Engine. Quadruple-Expansion Mill Engine. Description and drawings of a 2,000

horse-power quadruple-expansion mill engina at the mills of the Warren Mfg.
Co., Warren, R. L Power, June, 1889.

Engine Shaft. Graphic Representation of the Strains on. Mech. World, Dec. 29,

1888.

Engine Trials. Society of Arts Engine Trials. A valuable paper giving the re-

sults of a series of tests of various forms of hot air, gas and steam engines. En-
gineer, March 1, 1889, et seq.

, for Economy of non-condensing Simple Compound Engines, with steam
pressures from 40 to 170 pounds and with revolutions from 110 to 420 per minute.
A very valuable series of experiments, containing 25 pages of tabulated results,

with paper and discussion, covers 170 pages, in Proc Inst. Civ. Engrs., Vol.
XCIII.

Engine. Steam. Child's PatentPiston Valve. An entirely new form of valve for

steam engines, invented by F. D. Child, Manager of the Hinkley Locomotive
Works, in which the ports run entirely round the cylinder, and are opened and
closed by annular pistons working inside the cylinder itself. The Railroad and
Engineering Journal, January, 1889.

. See Crank Shafts.

. Marine. An English Compound Side-Wheel Engine. Description and Draw-
ings. The Railroad and Engineering Journal, May, 1889.

. The Bullock Corliss. See Corliss Engine.

. The Pearsall Hydraulic Engine. Illustrated description of this novel form
of water motor, its action depending on the same principle as the common hy-
draulic ram. Engineering News, Sept. 28, 1889, Vol. XXII., p. 292.

, Triple Expansion, for the Ferryboat "Bergen." See Triple Expansion.
. Cylinder Ratios of Triple Expansion Engines. Abstract of paper by

Jay M. Whitman, Fayetteville, Ark., read before Am. Soc. Mech. Eng., May,
1889. Mechanics, June, 1889.
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Eng-me. Steam. Some Properties of Vapors and Vapor Engines. Abstract of a
theoretical discussion, by De Vo'son Wood, presented at convention of Am. Soc.
Mech. Eng. at Erie, May, 1889. Mechanics, June, 1880.

• Steam riant of the Washington Mills, Lawrence, Mass. Short description,
with illustrations of plant and engines designed by E. D. Leavitt, guaranteed to
levelop an indicated horse-power on 1.7 lbs. of coal at 140 lbs. steam pressure,
aud against a back pressure of 8 lbs. above the atmosphere. Power, March,
1889.

• The Kriebel Boat Engines. A concise description of this novel type of
oscillating engine for use on small boats. Illustrated. Am. Engr., July 10, 1889.

. The Theory of Aqua Ammonia. Engines. By E. E. Magovern, Jr„ Am. Soc.
C. E. Illustrated, pp. 10. Trans. Am. Soc. C. E.. Oct., 1888, Vol. XIX., p. 127,

. The Water Consumption of Engines of Less than Fifty Horse-Power. Paper
by Prof. J. E. Denton, giving results and discussion of experiments on a 7" X 14"

• -engine, etc. Stevens' Indicator, January, 1889, "Vol. VI., p. 35.

Copper Steam Pipes for Modern High Pressure. By W. Parker, Chief
Engineer Surveyor to Lloyd's Register. Give results of tests on strength of

brazed, solid-drawn and electro-rieposited copper pipes, to the advantage of the
latter; also on account of the method of manufacture, and causes of failure in cer-

tain cases. The Locomotive, November and December.
. Steam Consumption of Engine at Various Speeds. Abstract of a paper by

James E. Denton and D. S. Jacobus, Hoboken, N. J., read at meeting of Am. Soc. of

Mech. Engs.,at Erie,May, 1889. Gives results of experiments on an engine at various
speeds, pressures and points of cut-off, showing effect of each on economy.
Mechanics, June, 18S9.

Engines. Gas. Atkinson's and others. Report of the Committee on Science and
the Arts of the Franklin Institute/upon Atkinson's Gas Engine in comparison with
others. Cuts of the principal gas engines, awards, premium and medal to Atkin-
son's as superior in simplicity, economy and regulation. Ten horse-power engine

consumes 22J4 cubic feet of gas per hour per brake horse-power. Journal of the

Franklin Institute, June, 1889.

Engineering. Address of Pres. W. R. Warner, of Civ. Eng. Club of Cleveland.

Read May 14, 1889. Jour. Assn. Eng. Soc, June, 1889, Vol. VIII., p. 349.

English, and American Railroads Compared in Operating Expenses. See Rail-

roads.

Erection of Iron Bridges, Cleveland & Mahoning Valley Railroad. See Bridges.
Ericsson, .John. The story of his life and achievements, with portrait. The Rail-

road and Engineering Journal, April, 1889.

Excavating Rock under water without the use of explosives. A paper by Fred-

erick Lobintz, Assoc. M. Inst. C. E. A description is given of the dredger, the

method of breaking up the rock being to drop a heavy cutter from a height.

This method is shown to be both rapid and economical, as proved by experience

on Suez Canal, pp. 13. Proc. Inst. C. E., Vol. XCV1I., p. 3 9. Eng. Netcs. Oct.

19, 1889, Vol. XXII., p. 365. London, 1889. See Rock Removal.
Excavations Submarine Excavations in Sand. See Submarine Excavations.

Explosion, Colliery, at Dour, Belgium. Brief account. Eng. and Min. Jour.,

Dec. 8, 1888.

Explosives. A paper read before the Society of Arts, Dec. 12, 1888, by W. H.

Deering. Jour. Soc. of Arts, Dec. 14, 1888; Errata, Dec. 21, 1888.

. Gun Cotton, its History, Manufacture and Use. Paper by Lieut. Karl Rohrer,

U. S. N. Reprinted from Scientific Am., in U. S. Naval Institute, Vol. XV., p.

463,1889. No. 50.

. Notes on Literature of. By Charles E. Munroe, in U. S. Naval Institute,

Vol. XV., p. 491, 1889. No. 50.

. Paper by W. H. Deering, F. C. S., F. J. C, read before the Society of Arts,

London. Gives composition and characteri sties of various kinds of explosives-

Sci. Am. Supp., May 18, 1889.

. Recent Developments in High Explosives. By Perry F. Nursey. A paper

read before the Society of Engineers, London, giving history and development
of high explosives, and the composition and uses of ?nany kinds of explosives.

Sd. Am, Supp., July 20, 1889, et sea.
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Explosives. Regulations to Govern the Manufacture, Transportation, Sale, Stor-

age and Use of, in New York City. E- & M. Jour., June 22. 1889.

. The Properties and Use of Certain High Explosives. Abstract and quota-

tions from a set of "Regulations" for use of explosives issued by the New York
City Fire Department. The directions for care and use in blasting are concise

and useful. R. R. Gazette. Eng. Netos, July 6, 1889, Vol. XXII., p. 2.

Eye-Bars, Wrought Iron and Steel. Paper by Carl Gayler, read before the En-

gineers' Club of St. Louis, Jan. 16, 1889. Jour. Assn. Eng. Soc., April, 1889.

Falling "Velocities of Small Solids in Water and Glycerine. A report by L.

Wagoner on experiments with small ore grains in water and glass balls in glyc-

erine. Results plotted. Teh. Soc. Pac. Coast, Vol. V., p. 32 (July, 1888).

Faure's New Secondary Battery. Illustrated description. Elec. Rev., Nov. 16, 1888.

Fell System of Traction on Rimutaka Inctrim, New Zealand. Brief paper by J
P. Maxwell, M. Inst. C. E. Proc. Inst. Civil Engrs., Vol. XCVL, p. 137.

Ferro-Silieon and the Economy of its Use. Paper by W. J. Keep, Detroit, Mich.,

and Edward Orton, Columbus, O., pp. 9, Proc. A. I M. E., Buffalo meeting, 1888

Ferryboat. Description of new steel screw ferryboat "Bergen ' built by Hoboken
Ferry Co. Illustrated. R. R. Gaz., Aug. 9, 1889.

Fiber, Lime Sulphite Fiber Manufacture in the United States. Paper by Maj. O.

E. Michaelis, M. Am. Soc. C. E., and also Remarks on the Chemistry of the Pro-

cess. By Martin L. Griffin. M. A., p. 23, Trans. Am. Soc. C. E., June, 1889, Vol.

XX., p. 263.

Filtration at the Experimental Station, in Lawrence, Mass. A detailed and valu-

able account of numerous experiments on materials for filter beds for purifica-

tion of sewerage, pp. 12. 2Qth An. Rep. Mass. State Board of Health, 1889, p. 32.

Fire Boxes for Locomotives Lined with Fire Brick. See Locomotives.
Fires, Prevention and Extinction of. A paper by A. Chatterton, describing

methods of fire-proofing buildings and means of quenching fires. Proc. Inst. Civ.

Engrs., Vol. XCIII., p. 437.

Abstract of, Eng. and Build. Rec, Sept. 7, 1889, Vol. XX , p. 201, et. seq.

Flood Discharge from Catchment Areas. A theoretical formula with empirieah
co-efficients with especial reference to India. Proc. Inst. Civ. Engrs., Vol.

LXXX., p. 201.

Flood Heights of the Mississipin River. See River Improvements.
Flow of "Water in cast-iron pipes. See Friction of Water. See Water.

over Weirs. New experiments by H. Bazin. See Weirs.

through Long Pipes. The practical calculation of the heads, diameters and
discharges. By E. Sherman Gould, Eng. News, Feb. 16, 1889, ct seq.

Fluid Friction. Experiments on Rotation of Disks in Fluids. By Prof. W. C.

Unwin. Proc. Inst. Civ. Engrs., Vol. LXXX., p, 221.

Flushing Tunnel, The Milwaukee. A full illustrated description of the tunnel
from Lake Michigan to the Milwaukee River, built for flushing the river from
sewage contamination. Water is forced through the tunnel from the lake by a

wheel operated by a 350 H. P. engine. Eng. and Building Rec, Dec. 8, 1888.

Formulas for Springs. A table giving the formulas used by the Pennsylvania
Railroad, and calculated by F. Reuleux. R. R. Gaz., Nov. 15, 1889, Vol. XXL,
p. 447.

Fort Madison Bridge Across the Mississippi. General description. Pee Bridge.

Foundations. Cost of Pneumatic Foundations. See Pneumatic Foundations.
. Elastic, for Dynamos, Steam Engines, etc. Describes and illustrates a method

of preventing the vibration of such machinery being communicated to the groun d
and buildings. The Electrical World, Jan. 5, 1889.

, Equalizing Pressure on. By J. H. Apjohn, M. I. C. E. With especial ref-

erence to foundations in the alluvial soil of Bengal. Ind. Eng., January 5, 1889,

et seq.

for Steam Stamps. See Stamps, Steam.

of New London, Conn., R. R. Bridge. A combination of crib, piles and open
caisson. A. P. Boiler, Engineer. Descriptions, with illustrations of bridge, in Sc.

Am., June 8, 1889.

Is eight Car Construction. See Iron Cars and Iron, the Uses of, in Freight Car
i

i i.-: ruction.
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Friction Brake Dynamometers. By W. W. Beaumont. A paper and discussion
covering 77 pages, and covering the whole ground of appliances, principles and
practice. Illustrated. Proc. Inst, Civ. Engrs., Vol. XCV.

Friction Buffer, the Westmghouse. See Buffer.

Friction, Due to Flow of Water in Long Pipes. See Flow of Water.
of Slide Valves. See Slide Valves.

of Water in Cast-Iron Pipes. Tables showing loss of head due to friction in

pipes for diameters from 4 inches to 48 inches. Computed and compiled under
direction of Saml. M. Gray, City Engineer, Providence, R. I. Am. Rep. City
Eng., Prov., B. I., 1889, No. 10.

—
. See Fluid Friction.

Frogs and Switches. See Turnouts.

Fuel. " Fuel Oil " for Stationery Boilers in New York City. Valuable paper by H.
F. J. Porter, M. E. Illustrated, pp. 20. School of Mines Quarterly, Columbia
College, July, 1889, Vol. X., p. 350.

, Liquid. An interesting comparison of the results obtained by some of the
best methods of burning crude petroleum refuse. Illustrated. Mechanics,
March, 1889.

. Results of a test between bituminous coal and crude petroleum, made at

Mansfield, O., by Mr. J. W. Gwynn. Coal for thirty-one days, 63V3 tons, equal3

$167.02; oil for thirty-one days, 251 barrels, equals §130.50; balance in favor of oil,

§36.52. or nearly 22 per cent. Illustrated. Mechanics, July, 1889, Vol. XI„ p, 174.

on Locomotives. An illustrated description of the mode of using liquid fuel

on locomotives now being carried out by Mr. James Holden, the Locomotive
Superintendent of the Great Eastern Railway in England. Uses the liquid fuel

as an auxiliary to the coal, replacing a large part of it. The Railroad and En-
gineering Journal, January, 1889.

. See Liquid Fuel, Oil as Fuel.

, Peach Stonesfor. Used in Vacca Valley, Cal.. where they bring §6 per ton

and are considered equal to the best coal. E. <£* M. Jour.. May 4, 1899.

, The Racine System of Burning. Description and illustrations of tanks, pip-

ing, a/uxiliary boilers, etc., used by the Racine Hardware Manufacturing Com-
pany, Racine, Wis , for burning crude oil. The Electrical World,, April 6, 1889.

. Use of Petroleum Befuse as -fuel for locomotive engines. Article giving

results of experience and tests on Indian railways. Ind. Eng., July 6, 1889; July

20, 1889.

Working Locomotives with Petroleum Fuel. Paper by Mr. Thomas Urqu-
hart, giving experience of the Grazi & Tsaritsin Railway, Russia, in the use of

petroleum and petroleum waste as used on both locomotives and stationary

engines. Several tables of cost and comparative economy of coal and petroleum
are given. Illustrated. Lond. Eng., Feb. 8, 1889, Vol. XLVIL, p. 130.

Fuel Gas, The Fuel of the Future. An article describing the methods of producing

water and oil gas, and comparing the economy of water gas and coal as a steam*

producing and forge-heating fuel. Am. Mfr., June 28, 1889.

Furnace, Begenerative Puddling, for Natural Gas. Illustrated description. E.

& M. Jour., April 20, 1889.

Smoke Consuming Furnace. The Welmsmann's Furnace. See Smoke-Oon-
surning Furnace.

Ge s. See Oil Gas, Compressed.
Engines, Atkinson's and Others. See Engines, Gas.

. Paper on gas engines, with a description of the Simplex engine. By Edward
Delamon-Debouttsville, of Rouen. Lond. Eng., Aug. 2, 1889, et seg.

Gas Fuel. A brief general article with illustration of apparatus for burning. By
R. H. Buel. Bailroad Gazette, Nov. 30, 1888.

Gas Light, The Welsbach Incandescent Gas Light. See Welsbach Incandescent

Gas Light.

Gas Producers, A New Departure in. A new gas producer, whose most important

feature is a cast-iron rammer operated by compressed air, which permits the use

of a larger producer than could be worked by hand. Illustrated. The Progress-
ive Age, March 15, 1889.
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Gas Producers. The Pittsburgh. Illustrated description of a new form of producer

for making fuel gas. Am. Mfr., Feb. 8, 18S9.

Gang . A Siphon Tide Gaugefor Open Sea-Coast. See Tide Gauge.
See Rain Gauges.

Gaugings made on the Elbe, 1S88-7. See Stream Gaugings.
Gear Teeth for Skew-Bevel Gears. An account of the geometrical construction

and theory of involute teeth for skew-bevel wheels, by Geo. B. Grant. The
author maintains that all other forms of teeth yet proposed for skew-bevel gears

are incorrect. Illus. Am. Mach., Oct. 10, 1889.

Geodesy, Literature of, for 1887. Complete list of papers and books published dur-

ing the year in all the modern languages. Zeitschrift f. Vermessungswessen,
1888. Pages, 404-16, 425-29, 465-79, 497-510, 527-43.

Geodetic Surveys in Germany. Lecture by Prof. Jordan, describing briefly the

development of some of the German surveys. Zeitschrift f. Vermessungswessen

,

1888. Pages, 310-325.

Governor, Electrical Resistance. See Resistance Governor.
Governors, Steam Engine. A New Method of Investigation of, wherein the Mo-

tional resistance to movement is taken into account. Proe. Inst., Civ. Engrs.t
Vol. XC, p. 10.

Grade Crossings in Germany. See Railroad Grade Crossings.

Gramophone, The. An apparatus for making permanent records of sounds of any
kind and reproducing same as often as desired. Sounds reproduced with fidelity

and so loudly that several hundred persons can hear them at the same time. De-
scription. Elec. Rev., Dec. 7, 1888.

Graphic Representation of Strains on an Engine Shaft. See Engine Shaft.

Graphical Statics Applied to Retaining Walls. See Retaining Walls.
Graphical Method of Calculating Bridge Stressesfor Concentrated Loading. A

paper by Ward Baldwin, giving a convenient method of finding maximum bend-
ing moments and shears, from a graphical diagram for any span, length and load-

ing. Eng. News, Sept. 28, 1889, Vol. XXII., p. 295.

Graphophone, The- A paper read before the Society of Arts by Henry Edmunds.
A very interesting illustrated description of the Graphophone. Journal of Soc.

of Arts, Dec. 7, 1888.

Guard Rails and Plain Tires. Letter calling attention to the action of broad
plain tires on guard rails, and editorial comment on same. Illustrated. R. R,
Gaz., Aug. 23, 1889, VoL XXL, p. 549.

Guns, Considered as Thermo-dynamic Machines. By Jas. A. Longridge. A high-

ly mathematical investigation of the reactions in a gun when fired. Proc. Inst.

Civ. Engrs., VoL LXXX., p. 236.

Steel Castingsfor the Manufacture of. See Steel Castings.
Gun Cotton. Its History, Manufacture and Use. See Explosives, Gun Cotton.
Harbor Improvements. Calais Harbor Works. Description of recent improve-

ments, including the quay walls and the methods used in obtaining foundations.

Details of the floating basin and lock entrances. Illustrated. Lond. Eng., May
17, 1889. Vol. XLVII,, p. 549, et seq.

, Paper by L. M. Haupt, C.E. Jour. Frank. Inst., July, 1889,Vol. CXXVIIL, p. 23.

. See Sand Bar Removal.
Hardening and Tempering of Steel. A lecture before the British Association at>

Newcastle, by Professor W. C. Roberts Austen, F. R. S. Sci. Am. Supp., Oct.

26, 1889. Lond. Engineering, Sept. 27, 1889.

Hartford Steel Tie. See Steel Tie.

Hartz Mountain Railway. The Cost of Working. A paper by Robert Wilson,
M. Inst. C. E., giving detailed statement of cost of working, consumption of fuel,

etc. Proc. Inst. Civ. Engrs., Vol. XCVL, p. 131.

Haulage, Underground Cable Clip for. In use in English collieries. Illustrated

description. Lond. Engineering, Feb. 1, 1889.

Head House at Shaft 17 on the New Croton Aqueduct. Illustrated description.
Eng. and Building Rec., Nov. 17, 1888.

Heat. Instruments for Measuring Radiant Heat. A course of Cantor lectures
before the Society of Arts in 1889, by C. V. Boys. Jour. Soc. Arts, Sept. 20, 1889.

Vol. XXXVIL, p. 815, et seq.
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Heat and Cold, Effects of on Iron, Steel and Copper. Experiments to determiner

effects of alternate heat and cold on these metals. Abstracted in Proc. Inst. Civ.

Engrs., Vol. LXXX., p. 354.

Heat Engines, Other than Steam. A series of lectures by H. Graham Harri3,

M. Inst. C. E. Journ. Soc. Arts, July 12, 1889, et seq. Vol. XXXVII., p. 687,

et seq.

Heat Expenditure in Steam Engines. See Steam Engines.
Heating a nd Ventilation of Large Buildings. A papef read before the Rensse-

laer Society of Engineers by Richard Prescott, M. E. Describes the method of

heating by -warm air distributed by a blowing engine. Selected Papers of the

Rensselaer Soc. of Engr's, Troy, N. Y., Vol. I., No. 5.

Cars by Steam. See Car Heating.
, Town Heating by Hot Water. See Hot Water Heating.

Heavy Buildings, Observations on. A paper read at the Buffalo Convention of

the Am. Inst, of Architects, October, 188S. by R. W. Gib?on, of New York. Eng-
and Build. Pec., Nov. 3, 1888.

Heroult Aluminum Process, The. See Aluminum Process.
Highway Bridges. Iron Viaducts for Highways. A valuable paper by J. A. L*

Waddell, C. E., of Kansas City, Mo. Published in pamphletform, by Selden Gr.

Spencer, Kansas City, Mo., June, 1889.

, Their Construction, Maintenance and Repair. By S. A. Buchanan. A very
valuable paper, which points the way to a solution of the highway bridge prob-
lem. Supervision by a local engineer, with detailed plans and specifications,

aided by a superintendent of repairs. A rational and efficient scheme which has
been in successful operation for many years. An. Rep. Ohio Soc. Engrs. and
Surveyorsfor 1888. C. N. Brown, Secretary, Columbus, O.

Highways. Report of Committee of the Engineers' Society of Western Pennsyl-
vania. Valuable report giving a proposed law providing for a division of roads,

etc., and the appointment of a county road commission and a county engineer,

who shall have direct charge of all public roads. Trans. Eng. Soc. Western
Pennsylvania. Meeting of March 19, 1889, p. 31, et seq.

Hoist, 120-Ton Sheerlegs. See Sheerlegs.
Hoisting by Electricity. See Electric Crane.
Horse Power. Electrical Horse Power Characteristics. A paper by W. F. D.-

Crane, giving a graphical diagram showing at a glance the electrical horse
power corresponding to any given number of volts and amperes. The Electrical

World. July 13, 1889.

Hot Air Motor. An illustrated description of a new and practical form of hot air

engine. A test, of which a detailed account is given, showed that 2.98 pounds of

coke was burned per brake horse power, and 1.91 pounds per indicated horse

power. Eng. News, Sept. 14, 1889. Vol. XXII., p. 242.

Hot "Water Heatiny. Town Heating. Reprint of a paper by Arthur V. Abbott
C. E., read before Am. Inst. Mining Engineers. Lond. Eng., Aug. 30, 1889. Vol.

XLVIIL, p. 259.

Howe Truss. Determination of the Length of the strut of a Howe Truss. An ex-

ceedingly concise analytical and graphical solution of this famous problem by
Albert M. DArmit. Eng. News, Nov. 16, 1889.

Hydrants. Paper by George A. Stacy, Superintendent of Water-Works, Mar lboro

Mass. Contains many valuable suggestions bearing mainly on difficulty experi-

enced in avoiding freezing in winter. Discussion, pp. 6. Journ. N. E. Water-
Works Ass'n, September, 1889. Vol. IV., p. 32.

Hydraulic Appliances at the Forth Bridge Works. A short description in Proc
Inst. Civ. Engrs., Vol. XC, p. 402.

Hydraulic Canal Lift. See Canal.
Hydraulic Elevators. The Otis Lifts in the Eiffel Tower. Complete description

of construction and operation, including the amount of work done. Wrork done
in raising the four lifts from bottom to top, 395 feet, is nearly 1,000 H. P. ' Lond.
Engineer, July 19, 1889.

Hydraulic Forging Machines and Steam Hammers. Reprint of paper by Prof..

Coleman Sellers before senior class at Mass. Inst. Tech. From Stevens Indicator*

R. R. Gas , Aug. 2, 1889.
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Hydraulic Machinery in Engineering Establishments. Some of the advantages

of the use of. By Ernest W. Naylor, M. E. Master Mech., March, 1889. et seq.

Hydraulic Power in London. A paper by Ed. B. Ellington, giving full description

of plant, and operation of same, with plates and discussion. Proc. Inst. Civ.

Engts., Vol. XCIY., pp. 1-85,

Hydraulic Step, Analysis of an. By Prof. F. G. Hesse, of University of Cali-

fornia. Machinery of pumping station, containing vertical shaft, supporting

heavy load and rotating in gritty water at high velocity. Description of step

used with experimental data. London Eng. , Jan. 11, 1889.

Hydraulics. See Back-Water.

Ice-Making Plant, 25-Ton, at Birmingham, England. Illustrated description.

Loud. Engr., Jan. 25, 1889.

Incandescent Gas Light, the Welsbdck. See Welshach.

Indicator, The, and its Uses. By H. A. Hill, M. E. Illustrated. Am. Engr., Jan.

9, 1889, et seq.

. The Steam Engine Indicator. Its construction and use. Series of articles.

Illustrated. Mech. World, Aug. 10, 1889.

Indicators, Errors of. Tests made by Chief Engineer David Smith, U. S. N., and
Assistant Engineers Windsor and Barry, to determine limits of error in Thomp-
son and Tabor indicators. Eng. Neios, Feb. 9, 1889.

, Tests of. Particulars of tests made at the New York Navy Yard on Thompson
and Tabor indicators. Am. Eng?:, Jan. 30, 1889, et seq.

Inspection of Materials of Construction in the United States- A valuable article

by Mr. George H. Clapp, Pittsburgh, Pa., giving specifications, methods of test-

ing and inspecting, etc. Am. Mfr., May 31, 1889.

Insulation of Industrial Electric. Installations. A communication to the Soci6te

Internationale des Electriciens, Nov. 7, 1888. By R. V. Picou. Electrical Be-

view, Nov. 23, 1883.

Interlocking Machine, The Johnson. See Switch.

Interlocking System, The Westinghouse Pneumatic. See Westinghouse System.
, of the St. Louis Bridge and Tunnel Bailroad, See Railroads.

Irrigation. For a complete outline of the methods and organization in use irt

State of Colorado; also remarks concerning flow of water in open ditches, etc. ;

also map of the water districts and discharge charts for several rivers. See

Fourth Biennial Report of State Engineer of Colorado, Parts I. and II., for 188V

and 1888.

. " How to Make the Desert Bloom as the Rose." An eight-page article, being

practically a brief treatise on the subject of irrigation; tracing its past history

and suggesting its future possibilities, etc. San Francisco Daily Chronicle, Aug.
23, 1889.

in California. See Reclamation of Arid Lands by Irrigation.

in the United States. A resum§ of the irrigation enterprises undertaken
and carried out in the last few years, showing enormous increase in property
values of the lands irrigated, with illustrations. Eng. and Min. Jour., Jan. 5,

1889.

Land Irrigation a,nd RecUimaiion in Egypt. A letter by C. A. Siegfried,

stating briefly what advances in the control of the Nile and consequent im-
provement of land has been made in the last few years. The Nation, July 18,

1889.

, Notes on. Selections from a series of letters by Mr. Chas. L Stevenson, C. E.,

to the Salt Lake Tribune, containing facts and figures of some value. Eng.
News, Oct. 5, 1889. Vol. XXII., p. 320.

Iron. Alloys of Iron and Silicon. A paper read at the Paris meeting of the British

Iron and Steel Institute, by R. A. Hatfield, Sheflleld, England. Am. Mfr., Oct.

11, 1889, et seq ; Lond. Engineering, Oct. 18, 1889.

, Cast, Effects of Silica and Aluminum in. See Silica.

. Effects of Heat and Cold on Iron, Steel and Copper. See Heat and Cold.

The Manufacture of Iron. Address to the Chemical Section of the British

Association, by Sir Lothian Bsll, President of the Section. Lond. Engineering.
Sept. 20, 1889, Vol. XLVI1L, p. 3i9.
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Iron, The Uses of in Freight Gar Construction. A paper by G. W. Ettinger, r«iad

before Western Railway Club, wit a discussion. Railroad Gazette, Nov. 30, and
Master Mech., December, 1888.

Iron and Concrete™ Building Construction. A valuable paper by G. W. Percy,

of San Francisco, on recent new uses of iron rods for tin tension side of concrete

when used as floors and otherwise in cross-breaking strain. Illustrated. Tech,

Soc Pac. Coast, Vol. V., p. 1 (June, 1888).

Iron and Steel, in Shear and Torsion. Experiments to And relation between
tensile, shearing and torsional strength of wrought iron, steel and cast-iron.

Proc. Inst. Civ. Engrs., Vol. XC. p. 382.

. See Temperature.
Iron Cars. A short article making comparison between iron and wooden railway

cars favorable to the adoption of the former. Am. Mfr., Nov. 30, 1888.

Iron Making, Natural Gas in. See Natural Gas.

Iron Mine . See Tilly Foster iron mine.

Iron Ore, Concentration of. See Concentration.

Iron Roofs. Illustrates various forms of iron roofs and gives tables of dimensions

of iron proper for each member on different lengths of span. Mech. World, Dec.

8, 1888.

Jetties. Repairs of the South Pass Jetties. Illustrated article describing the

nature of work to be done, and methods used in repairing these jetties in 1889.

R. R. Gas., Sept. 13, 1889, Vol. XXL, p. 594.

Johnstown Disaster. Descriptions of the South Fork Dam, and the eauses of its

failure, by engineers who personally visited the site immediately after the fail-

ure. Illustrated, Engr. News, June 8, 15 and 22, 1889. Engr. and Bid. Record,

June 8 and 15. 1889.

Journals. Cast of Lubricating Car Journals. See Lubricating Car Journals.

Journal Bearings. Anti-Frictional Metal for Journal Bearings. Discussion of

the subject before the Western Railway Club, Jan. 15, 1889. Mast. Mech.,

February, 1889.

. Discussion on Anti-Frictional Metal for Journal Bearings and on heating

cars by steam at January 15 meeting of Western Railway Club. Mast. Mech.,

February, 1889.

Kanawha River Bridge, Details of. See Bridge. .

Kansas City Cable Railways. See Cable Railways.
Lake Michigan and Mississippi Proposed Water-Way. Levels of the Lakes as

Affected by. See Water-Way.
Lead and Zinc, Production of in 1888 Resume of the industry for the year. Eng.
& Min. Jour , Jan 12, 1S89.

Legislative Control of Railways. See Railways
Levees, Their Effect on High-Water Stage in Mississippi River. See River

Physics.

Level. A New Form of Water Level. See Water Level.

Levels of the Great Lakes as affected by the proposed Lake Michigan and Missis-

sippi waterway. See Waterway.
on the Missouri River. A descriptive list of bench-marks, with their eleva-

tions, from the mouth of the Missouri River to a point about 1,200 miles above;
all referred to the St. Louis City Directrix and to mean Gulf level. Over seven
hundred elevations in this list. An. Rcpt. Chf. Engrs., U. S. A.. 1888, Vol. II.,

p. 2,328.

Leyden, Holland, Water-Works. See Water-Works.
Light, Standards of. A paper read before the Society of Arts, December 21, 1888.

By W. J. Dibdin. Jour. Soc. of Arts, Dec. 21, 1888.

Light Tower. Working Platform used in the construction of Mosquito Inlet

Light Tower, Florida. Gives description of a novel method of supporting the

working platform. Illustrated. Report of the Lighthouse Board for 18S7, Wash-
ington.

Lightning Arresters, and the Photographic Study of Self-induction. A paper
read before the American Institute of Electrical Engineers, New York, Jan. 8,

1889, by E. G. Acheson. Illustrated. Describes a series of experiments undertaken
to determine the cause of the occasional "grounding" and failure of telegraph
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and telephone cables by electrical discharges, and some conclusions as to light-

ning arresters. The Electrical Engineer, February, 18S9; The Electrical World*

Jan. 19, 18S9.

Liquid and Gaseous Fuels, The Uses of. Paper by H. L. Gardner, of New Orleans,

read at Louisville Meeting American W. W. Assn., giving relative value of coal,

gas and petroleum as fuel for making steam. Eng. News, April 27, 1889.

Liquid Fuel. Crude Liquid Hydrocarbons as Heating and Lighting Agents. A
paper before the Liverpool Polytechnic Society, Feb. 11, 1889, by B. H. Thwaite,

Mech. World, March 2, 1889, et seg.

on Locomotives. Gives method of employing liquid fuel on locomotives now
being carried out by Mr. James Holden, locomotive superintendent of the Great

Eastern Railway. Illustrated (from Engineering). American Manufacturer,

Nov. 30, 1888.

Lixiviation of Argentiferous Zincbh nde and Galena Ore. A valuable paper by

Mr. Ottokar Hofmann. E. & M. Jour., Feb. 9, 1889, et seg.

Locomotive. A Four-Cylinder Compound. Description, with illustrations, of a

French design used on the Northern Railroad of France,and an account of trials.

The R. R. and Eng. Jour., March, 1S88.

. Consolidation Locomotive, Class E. 6, B. & O. R. R. Description and speci-

fications of this new and in"some respects novel locomotive. Illustrated. R.R.

Gaz., Aug. 2, 1889.

. See Counterbalancing.
. Mogul Locomotive, New York & New England R. R. Description, dimen-

sions, details, etc , of mogul locomotive as recently built. Mast. Mech., August,

1889.

, The Compound, in American service. See Railroads.

, The Strong. Description of the Strong locomotive, "A. G. Darwin," with

perspective view and sectional view of boiler R. R. Gaz., Jan. 11, 1889.

, The Worsdell Compound. A full illustrated description of the system of

compounding locomotives, invented by Mr. T. W. Worsdell, Locomotive Supt.

Northeastern Ry, (England), and Herr A. von Borries, Mech. Engr. of the State

R. Rs. of Hanover, Germany. R. R. Gaz., Dec. 14, 1888.

, Burning Soft Coal in. Criticism on Mr. Higginson's paper on this subject,

read before the Western Railway Club. National Car Builder, Dec
The above criticism is criticised in Master Mech., Jan., 1889.

-, Burning Soft Coal in. See Western Coal Burning.
. Compound, Locomotives. Paper by Angus Sinclair, and discussion of the

subject befrre the New England Railroad Club, April 10, 1889. R. R. Gaz., April

19, 1889; Eng. News, April 20, 1889.—— . Extension Arch on C, B. & Q.'s Class H Engines. Brief description, with

detail drawings. Master Mech., Jan., 1889.

, Express Passenger, Lake Shore and Michigan Southern. Detail drawings.

R. R. Gaz., Nov. 16, 1888.

Locomotive Boilers, Water Circulation and Ptirification in. A paper read before

the Western Railway Club, Dec. 18, 1888, by Mr. Herbert Hackney, giving results

obtained on locomotives using his device, with short discussion. Master. Mech.,

Jan., 1889; R. R. Gaz. Dec. 28, 1888.

Locomotive Tests. By H. G. Manning, C. E. A valuable article giving indicator

diagram and tabulated results of a series of tests made on passenger locomotive

No. 88, on the Central "Vermont Railroad. Indicator diagrams are given for four

points of cut off. R. R. Gaz., July 12, 1889.

Locomotive Tires, Thick vs. Thin. Discussion of the subject at the meeting of the

Western Railway Club Dec. 18, 1888. Master Mech., Jan., 1889; R.R. Gaz.,

Dec. 21, 1887; R. R. Gaz., Dec. 28, 1888.

. Thick vs. Thin Tires. Editioral criticism on conclusions reached by Mr. G.

W. Rhodes in his presentation of the subject before the Western Railway Club.

Master Mech., Jan., 1889.

> . Fire-Brick-Lined Fire Boxesfor Locomotives. Article stating advantages
of, as shown by experience. R. R. <£ Eng. Journ., October, 1889, Vol. LXIII.

p. 442.
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Locomotive Tires. Indicating Locomotives. Paper by Mr. Lewis F. Lyne, giving
practical suggestions for use of indicators on locomotives. R. R. Gas., Aug. 2,

1889.

, Liquid Fuel on. See Fuel, Liquid.
, Petroleum Fuel for. See Petroleum.
, Proportions of, with tables of " Coefficients of the Motive Power of Locomo-

tives" and "General Dimensions of Standard Locomotives, Penna. R. ft." R. R
Gas.. April 26, 1889.

. See Compound Locomotives.
. The Compound or Double-Expansion Locomotive in American Service. A

full dismission of the subject. R. R. Gas., Feb. 15, 18S9, et seq.

, The Compound Principle Applied to. A paper by Edgar Worthington, B. Sc.

Assoc. M. Inst. C. E. Proc. Inst. Civ. Engrs., Vol. XCVL, p. 2.

, The Compound Principle Applied to. Discussion on paper. Proc. Inst. Civ.

Engrs., Vol. XCVI., p. 50.

. The Strong Locomotive. Descriptive illustrated paper, by Mr. Geo. S.

Strong. Proceedings Soc. of Arts, Mass. Inst, of Tech., 1887-1838.

, The Water Brake on. Illustrated description of the Le Chatelier Water
Brake in use on the Northern Pacific, the Denver & Rio Grande and the Barre
Railroad in Vermont. R. R. Gas., March 15, 1889.

, The Woolfe Four-Cylinder. Illustrated description and results of experi-

ments in France. R. R. Gas., March 8, 1889.

Lock Masonry, Cost of, in Detail. See Masonry.
Long-Span Bridges. The economic conditions of long-span bridges, with special

reference to the proposed North River Bridge at New York City. Address be-
fore Am. Assn. for the Advancement of Science (No. 1) at Toronto meeting, by
Gustav Lindenthal, C. E. Eng. News, Nov. 9, 1889, Vol. XXII., p. 435.

Los Angeles Cable Road. A concise description of this recently completed cable
road, 205 miles in length, with numerous difficult curves and crossings, 4,220 feet

of viaduct, 2,121 of bridges and 2,010 feet of curves. Street Ry. Gas., November,
1889.

Lubrication of Air Compressing Machinery. Condensed from a paper by John
Morison read before last meeting of the North of England Institute of Mining and
Mechanical Engineers on "The Danger Attending the Use of Light Mineral Oils

for Lubricating Air Compressing Machinery." Eng. News, Dec. 8, 1888.

Lubricating Car Journals, Cost of. Paper read by L. S. Randolph at New York
meeting of Am. Soc. M. E. Giving valuable and interesting data, respecting

cost of lubrication, including wear of journals and brasses. R. R. Gas., Nov.
22, 1889; Ry. Rev., Nov. 23, 1889.

Machinery in U. S. See Power and Machinery.
Magnetic Separator, Edison's. See Separator.

, The Venstrom. See Venstrom Magnetic Separator.

Magnetization of Iron and other Magnetic Metals of very Strong Fields. Abstract
of a paper read before the Royal Society, Nov. 22, 1888. By J. A. Ewing and Will-
iam Low. Electrical Review, Nov. 30, 1888.

Main Rods, Counterbalancing of, on Locomotives. See Counterbalancing.
Maintenance ofWay. Report on Use of Metal Track on Railways as a Substitute

for Wooden Ties. ByE. E. R, Tratman, C. E., Forestry Division, Dept. of Agr.,

Bulletin No. 3. Washington, 1889.

Manganese Steel. Two papers by R. A. Hadfield on "Manganese in Its Applica-

tion to Metallurgy," and on "Some Newly-Discovered Properties of Iron and
Manganese," with discussion occupying 125 pp. in Proc. Inst. Civ. Engrs., VoL
XCIII.

Marine Boilers, Corrosion of. See Corrosion.
Marine Engineering. See Blast System for Steamships.

. See Ship-building.

. See Sounding Machine.
Marine Engines, Development of in the last Decades. Extracts from paper read

before the Society of German Engineers in 1883, by Carl Busley, Esq., Engineer.

Corps, German Navy; translated by Asst. Engineer F. C. Bieg, U. S. N
.

, for

Journal Am Soc. Naval Engineers. Mechanics, July and August, 1889.
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Marking1 Patterns. See Pattern Marking.
Masonry, Cost of, in Detail. Gives data for cost of stone culverts and bridges, lock

masonry and aqueduct masonry. Extracts from an Engineer's Note Book No. 2»

Eng. Neios, Dec. 8, 1888.

Masonry Arch. An Error in a Common Theory of the Masonry Arch. See

Arches.
Masonry Inverts and Side Walls, Croton Aqueduct Method of Constructing. See

Croton Aqueduct.
Metals, Powdered, Pressure Required, to Solidify. See Pressure Required to Solid-

ify Powdered Metals.
. Resume" of the Metal Industries of the World for 1888. Eng. and, Min.

Jour., Jan. 12, 1889.

Metallic Cross Ties. See Railroad Ties.

Meter, Electrical, for Direct and Alternating Currents. A paper by Prof. Wm. E„

Geyer, read before Am. Inst. Elec. Engrs., Nov. 13, 1888. Elec. Rev., Dec. 21, 1888,

Discussion of above paper, Elec. Rev., Dec. 28, 1888.

. The Edison Chemical Meter, six years' practical experience witb. Paper

read before tbe Am. Inst, of El. Eng'rs, New York, Dec. 18, 1888, by W. J. Jenks;

witb illustrations and discussion. A very complete and valuable paper. Gives

full account of development of tbe Edison meter, its degree of accuracy, cost of

operation, etc. The Electrical World, Jan. 5, 1889; The Electrical Engineer,

January, 1889.

, See Electric Meters.
Metric System. The New Standards of Weight and Measure. An interesting

letter from Paris describing the methods used in preparing the standard metre

bars and standard kilogrammes for the International Bureau of Weights and

Measures. The Nation, Oct. 21, 1889.

Mexico, Drainage of the Valley of. See Drainage.
, Neio and Old Naming of Streets in City of'. Witb diagram showing streets

and giving both the old and the new names. Eng. Neivs, Dec. 8, 1888.

Mill Engineering. Steam Plant of the Washington Mills, Lawrence, Mass. See

Engine, Steam.
Milwaukee Flushing Tunnel. See Flusning Tunnel.
Mine, The Tilly Foster.. Great Rock Excavation at. See Rock Excavation.
Mines. Accidents in. A paper by Sir Fred. Abel, being a continuation of a previous

paper. With discussion, covering 150 pp. in Proc. Inst. Civ. Engrs., Vol. XC,
p. 36.

, Accidents in. See Accidents.
—

, Electric Haulage in. See Electric Haulage.
Mining Claims. End and, Side Dines. See Boundary Lines.

Mining Hoist, Electric. Paper by F. G. Bulkley, describing the construction and
use cf an electric hoist at Aspen, Colorado. The power is obtained from a Pelton

hurdy-gurdy water-wheel. Illustrated, pp. 9. The Technic, Univ. of Mich., No..

2, new series, p. 24, 1889.

Mining Interests of the United States, Review of, for 1888, Eng. and Min. Jour.<

Jan, 12, 1889.

Mississippi River Levels and their Relation to High Water. See River Physics.

Moore. Henry C. A memoir of the late Henry C, Moore, read before Engineers'

Club of St. Louis, May 15, 1889, by E. D. Meier. Pp, 2. Joum. Assn. Eng. Soc,

October, 1889, Vol. VIII., p. 492.

Mortar, Saccharine Matter in, and Building in Frost. Paper by Samuel Cromp-
ton, with results of experiments at various temperatures. Lond. Engr., Jan. 18'

1889, and Feb. 8,1889.

Moscrop Recorder. Description of an instrument designed to indicate by a con-

tinuous record the speed of steam engines and the amount of any variations and
the time they occur, niustrated. Power, August, 1889.

Motor, Electric, Alternating Current . A new and ingenious form of alternating

current motor, described by Lieut. F.J. Patten, U. S. A., in a paper before the
American Institute of Electrical Engineers, Sept. 10, 1889. Illus. Elec. World,
Sept. 28, 1889.

Mountain Railways, The Abt Rack Rail System for. See Railroads.
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Moving- a Light-House, weighing 140 tons. 16U ft. Description of the work. Proc.
Inst. Civ. Ehtgrs., Vol LXXIX . page 317

Nails madefrom Tin Scrap. See Tin Scrap.
Natural Gas in Iron Making. A paper by James M . Swank, printed in ''Mineral

Resources of the United States," published by David T. Day, Chief of Bureau
of Statistics and Technology, U. S. Geological Survey. Am. Mfr., Nov. 30,

1888.

Natural Gas in the Manufacture ofIron and Steel in the United States. From a
paper by James M. Swank. Eng. and Mining Journal, Dec. 15, 1888.

Navy. Xeiu war ships of the British navy. Good general description of two new
designs adopted by the British Admiralty, one for a turret ship and one for a
barbette ship. Dlustrated. Mechanics, August, 1889.

New Orleans, Drainage of. See Drainage.
New York Approved Street Railroad Track. See Street Railroad Track.

Water Supply, The Bartlett Projectfor. See Water Supply. See Sodom
. Dam.

Niagara, A Schemefor the Electrical Utilization of. A description of the plan of

Mr. S. H. Hamilton, of Washington, D. C, for driving dynamos by means of

turbines located in chambers behind the great cataract, catching a part of the
falling water in flumes. The Electrical World, Feb. 9, 1889.

Nicaragua Canal. Description of the leading engineering features of the enter-

prise. Dlustrated. E. and M. Jour., May i, 1889.

, Description of the Proposed Work. See Canal.
Nickel. See Alloys.

Nitrates. Determining Nitrates in Drinking Water. See Water.
Ohio & Mississippi Ry. Co.'s Track, Change of Gauge of. See Railroad.
Oil as Fuel. Three valuable papers, by S. S. Leonard, M. J. Francisco and C. M.

Ransom, before the National Electric Light Association at Chicago, with dis-

cussion on the same. Papers give results of actual experience. The Elec-

trical World, March 2, 1889.

. Improved System of Burning Oil. Description of Aerated Fuel Co.'s method
of arranging for the use of oil fuel for boilers. A m. Mfr., August 9, 1889.

. See Fuel, Liquid,
Oil Fuel in the Puddling Furnace. Description of a method of applying the use of

oil fuel to puddling. Illustrated. Am. Mfr., August 16, 1889.

Oil-3-as—Compressed, and its Applications. By Arthur Ayres. Paper and dis-

cussion covering 66 pp. in Proc. Inst. Civ. Engrs. Vol. XCIII.
Open Hearth Steel for use in bridge building. Brief notes selected from a paper

by N. W. Shed, M. E., read at Colorado meeting of the Am. Inst, of Mining Engi-

neers. Eng. News, Oct. 5, 1889, Vol. XXII., p. 322.

Operating' Expenses of English and American Railroads Compared. See Rail-

roads.

Ore Crusher and Pulverizer, The Mo7~ris. See Crusher.
Ore Docks and Machinery, The Fairport. Full illustrated description of the docks

and machinery used to handle ore and coal; 620,000 tons of ore handled in 1888.

Am. Mfr., March 1, 1889.

Overhaul. A paper by G. M. Walker, Jr., of University of Michigan, '90, reviewing
methods of calculating "average haul" and "overhaul." p. 9. The Technic,

Univ. of Mich. No. 2, new series, p. 61. 1889.

Overhead Electric Wires, Safety of. See Electric Wires.
Panama Canal. Intelligence Report by Lieut. Chas. C. Rogers, U. S, N., giving

valuable statistics and other information concerning progress of this wrork,

Illustrated by numerous process plates, maps and profiles, pp. 50. House of
Representatives, 50th Cong., 1st Sess. Mis. Doc, No. 599.

. Present Financial Status of the. Editorial, with approximate balance
sheet of Panama Canal Co. to Nov. 1, 1888. Eng. News, Dec. 8. 1888.

; The Fate of. Speculation on the probable outcome of the De Lesseps canal
scheme. Editorial. Eng. and Min. Jour., Nov. 21, 1888.

. The Plant and Material of the Panama Canal. A paper by W. P. Williams,
Jr., Am. Soc. C. E. pp.36. Fully illustrated. Trans. Am. Soc. C. E., Decem-
ber, 1888, Vol. XIX., p. 273. Sci. Am. Supp., May 25, 1889, etseq.
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Paper Making- by Machine, as exemplified in the manufacture of fine writing and
printing papers. Proc. Inst. Civ. Engrs., Vol. LXXIX., pp. 251—301.

Paris Exhibition. A very complete and valuable review of the Paris Exhibition

1889. Profusely illustrated. Lond. Eng., May 30, 1889, Vol.XLVlL, p. 415.

Parker, George Alanson. A Memoir, by the late Samuel M. Felton. Read before

Boston Soc. C. E., April 17, 1889. Jour. Assn. Eng. Soc, June, 1889, Vol. VIII.,

p, 334.

Parsons Block and Switch System and Continuous Rail Frog. Complete de-

scription of. Illustrated. By. Bev., August 17, 1889. B. B. Gaz., August 16,

1889.

Passenger Tariffs. An account of an extensive and somewhat remarkable change
in passenger tariffs recently put in operation on the Hungarian State Railroads.

R. B. Gazette, Oct. 25, 1889. Vol. XXI., p. 700.

Pattern Marking. A system of marking patterns, tried in the shop, with some
remarks upon economy as viewed in the pattern. Paper by A. J. Frith, M. En-
gineers' Club of St. Louis. Read April 17, 1889; pp. 4. Journ. Assn. Eng. Soc,
August, 1889, Vol. VIII., p. 440

Pavements. Asphalt Pavements on Concrete Foundations in New York. See
Asphalt Pavements.

, Asphalt in Berlin. See Asphalt.
. Contract prices for various kinds of pavements for years 1887-8. Report of

Eng. Dept., Senate Mis. Doc. No. 15, 50th Cong., 2d session.

. Details of methods of constructing Telford-Macadam Pavements. See
Telford-Macadam Pavements.

. Specifications for Standard Pavements and street construction material.

Giving specifications for asphalt, coal for distillate, asphalt on hydraulic base,

asphalt on bituminous base, asphalt block and granite block pavements. Beport
of Engineer Dept. under Capt. Symonds. Senate Mis. Doc, No. 15, 50th Co?ig..

2d session.

Specificationsfor Asphalt Pavements. See Asphalt Pavements.
. See Street Pavements.
. See Telford.

Permanent Way. See Railroads.
Permeability of Cement and Mortar. Notes by Prof. L. M. Haupt. See Cement

and Mortar.

of Cements and Their Decomposition under Action of the Sea. See Cement.
of'

PortUinxL Cement Mortar and its Decomposition by Sea Water. Abstract
from Annates des Ponts Chausses. Engin. and Build. Rec, Nov. 23, 1889.

Petroleum Fuel. A brief general paper by R. H. Buel. R. R. Gaz., Nov. 2, 1888.

. A short article giving results obtained by the use of " fuel oil" at North
Chicago Rolling Mill, where it is used under a battery of fourteen boilers and
said to cost less than coal. Am. Mfr., Nov. 23, 1888.

for Locomotive Boilers . Tests made by a Board of Naval Engineers. Illus

trated. Engr. Neics, Feb. 2, 1889.

in Locomotives. A paper read before the Inst, of Mechanical Engineers.
by Thos. Urquhart, Locomotive Supt. Grazi & Tsaritsin Ry., S. E. Russia
Illustrated. Coal and Petroleum refuse compared. Lond. Eng., Feb. 8, 1889,

et seg.

. See Fuel, Liquid.
Philbrick, Edwaird Southwick. A Memoir by Albert H. Howland. Desmond Fitz-

Gerald and Walter Shepard, Committee of the Boston Society of Civil Engineers,

pp. 4. Journ. Assn. Eng. Soc, Aug., 1889, Vol. VIII., p. 435.

Phonograph, The. An address by Colonel Courand before the Society of Arts,

descriptive of the Edison Phonograph. Jour. Soc. of Arts, Nov. 30, 1888.

Photography. Applied to Surveying. An abstract of the methods suggested in a
treatise on this subject by Dr. C. Koppe, Braunschweig. Gives a simple and con-
cise exposition of principles involved. Mechanics, July, 1889, et seg. Vol. XL,
p. 168.

Piers, Brick. Experiments with brick piers having different forms of footing
courses.

See Brick experiments, Akra.
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Piers. See Bridge Piers.

Piles, Bearing, Formula for Safe Loads on. Correspondence from JohnC. Traut-
wine, Jr., and lengthy editorial with formulae. Eng. News, Dec. 29, 1888.

Pile-Driver, Steam. Short illustrated description of a direct acting steam pile-

driver, whose peculiarity is a fixed piston, the cylinder forming the striking

weight. The Railroad and Engineering Journal, February, 1889; Eng.andMiru
Jour., Jan. 5, 1889.

Piling. See Sheet Piling.

Pipe, Spirally Welded Steel Tubes. By J. C. Bayles, before the Franklin Institute,

Jan. 16, 1889. A description of the method of manufacture and a cut of the ma-
chine. Journal of the Franklin Institute, February, 1889.

Pipe Laying under Pauchpura River in India. By A. Hayes, describing con-

struction of the jointed pipe used, manner of floating and sinking, etc. hid. Eng.,

July 27, 1889, Vol. VI., p. 74, et seg.

Pipes, Copper. See Engines, Steam.
, Flow of Water Through. See Flow of Water.
. See Tubes.

Plumbing in the Boston Custom House. Illustrated desci'iption. Eng. and Build
,

Rec, May 11, 1889, et seq.

Pneumatic Foimdation. Cost of. Extract from Prof. J. O. Baker's " Treatise on
Masonry Construction," giving cost of foundations of Havre de Grace Bridge;

average per eu. yd., $22.69; and Blaire Crossing Bridge, average per cu. yd.,

$20.70, and other data. Eng. Neics, Nov. 16, 1889, Vol. XXII., p 472.

Pneumatic Interlocking System, The Westinghouse. See Westinghouse System.
Pneumatic Tool, MacCoy's. Description and details of this novel and useful inven-

tion. Jour. Fran. Inst., July, 1889, Vol. CXXVIII., p. 1. Eng. News, July 27,

1889, Vol. XXII., p. 82.

Pocket Compass, An Improved French. Paper by R. A. Bergier, Butte City, Mont,,

describing a new and convenient form of pocket compass. Illustrated, pp. 6.

Proc. A. I. M. E., Colorado meeting, June, 1889.

Poetsch Freezing Process, as applied at the Chapin Iron Mine. Description of

this freezing method as actually applied at a shaft sunk for the Chapin Mining
Company at Iron Mountain, Mich., by Sooy Smith & Co. The material excavated

was sand, with boulders embedded in it. Illustrated. Eng. News, Aug. 3, 1889,

Vol. XXII., p. 103.

. Shaft Sinking at the Housser Colliery, Belgium. Abstract from Bulletin de
la Socifite de l'lndustrie Minerale, 1888, Vol. II., p. 21. The shaft met quicksand

at a depth of 195 feet, which was frozen and excavated successfully. Proc. Inst.

Civil Eng., Vol. XCVI , 1888, p. 432.

Pollution of Rivers, by Manufacturing Wastes. Report of Sam'l M. Gray, City

Engineer, Providence, R. I., giving valuable data and facts, chemical analys 33,

etc., concerning properties and disposal of manufacturing wastes. Rep. City

Eng., Prov. R. I., 1884. No. 29.

Population of U. S. and Canada. Diagram showing growth of from 1830 to 1888.

See Railways.
Portal Bracing-, Paper by Prof. Wm. Cain, Charleston, S. C. Gives a satisfactory

discussion of the method in ordinary use in bridge offices of computing stresses

in portal bracing. Eng News, July 13, 1889, Vol. XXII., p 26.

Portland Cement. See Cement.
Powdered Metals, Pressure Required to Solidify. See Pressure Required to

Solidify Powdered Metals.
Power, Stea/m vs. Water, Comparative Cost of. A paper read before A. S. of M. E.,

by Chas. H. Manning, of Manchester, N. H. E. & M. Jour., June 1, 1889,

, Transmission of, by Friction. A description of the Evans Friction Belt, a
new device for transmitting power between a pair of pulleys with their sur-

faces in contact . Illus. Elec. World, Sept. 14, 1889. Power, Oct. , 1889.

, Transmission of. See Compressed Air.

. Water Power in United States. See Water Power.
, Distribution by Means of Compressed Air. An account of the Birmingham

(Eng.) plant, which supplies 15.000 h. p. Trans. Liverpool Eng. Soc, Vol. VIII.,

p. 28 (1887).
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Power and Machinery Used in Manufactures in U. S. Compiled by Prof. W. P.

Trowbridge. Contains statistics of steam and water power used in manufacture
of iron and steel, machine tools and wood working machinery, wool and silk ma-
chinery, and monographs on pumps and pumping engines, manufacture of en-

gines and boilers, marine engines aud steam vessels. Tenth Census, Vol. XXII.
Power Station, Chicago City Railway. An exhaustive description of this new and

complete power station. Illustrated. Street Ry. Jour., August, 1889.

Pressure Gauges. See Water Supply,
Pressure Required to Solidify Powdered Metals. A brief note relating to experi-

ments on the formation of solid metals by compressing powders of the constituent

metal. Experiments made by Prof. Chandler Roberts Atistin. Mech. World,
Dec 8, 1888.

Propeller, The Vogelsang Screw. A short illustrated description of a new form of

screw propeller invented by Mr. Alex. Vogelsang, which has been in use some
time with very favorable results, having increased the speed of the vessels on
which it has been applied without increasing the consumption of coal. The
Railroad and Engineering Journal, January, 1889.

Prospecting in Soft Ground. A paper by Fred. S. Kuthman. The method used
was that of boring vertical holes with an artesian well-drilling machine, and
proved both economical and satisfactory. School of Mines Quarterly, April,

1889; Eng. News, July 6, 1889, Vol. XXIL, p. 8.

Public Roads. See Highways.
Pnddle Clay. Varieties of Clay Making Good Puddling Material. See Clay.
Puddling Furnace, Regenerative, for Natural Gas. See Furnace.
Puddle. Good, Varieties of Clayfor Making. See Clay.

Pulsometer. The Pulsometer. Discussion of the theory of the pulsomefcer, show-
ing its efficiency to be less than one per cent, of the heat of combustion of the
coal used. By Prof. De Volson Wood. Sci. Am. Supp., June 29, 1889.

Pump, The Dow Positive Piston. An entirely new type of pump of the rotary
class, claimed to realize the perfect action of a piston or plunger moving in one
direction only, and to be the most economical pump yet made. The Railroad
and Engineering Journal, December, 1888.

Pumps, Centrifugal. Will raise 318 cubic feet per second ten feet high at an ex-
penditure of 2.5 lbs. of coal per hour per effective H. P. of water raised. The
builders earned $20,000 in premiums paid under the contract for exceeding the
required duty. Annates des P. and C, September, 1888.

. Comparative Trials of piston pumps and centrifufal pumps. By De Glehn,
Abstract from Bulletin de la Societe Industrelle de Mulhouse, 1888, p. 661. The
piston pumps gave a duty of 70 per cent, of the " engine power," while the cen-
trifugal force gave only about 42 per cent, of the "engine power." Proc. Inst.
Civil Eng., Vol. XCVI , p. 423, 1888.

Pumping Engines. A plea for a standard method of conducting them. By Geo.
H. Barrus, M. Boston Soc. C. E. A complete and valuable discussion of duty
tests and the desirability of uniformity in conducting them. pp. 20, Jour. Assn.
Eng. Soc, July, 1839, Vol. VIII., p. 365.

. Discussion, pp. 13. Jour. Assn. Eng. Soc, July, 1889, Vol. VIII., p. 385.

, Centrifugal, for irrigation. Capable of discharging 23,000,000 gals, per day to
a height of 35 feet at 200 rev. per minute. Illustrated. Eng. and Min. Jour., Jan.
26, 1889.

, Compound, Tablesfor Power of. By John W. Hill, Eng. News, April 27, 1889.

, Duty Trials of. A plea for a standard method of conducting them by
George H. Barris, before the Boston Soc. of Civ. Engrs. Lond. Eng., Feb. 8, 1889,

et seq.

. Machinery for drainage purposes in the Fenlands, Eng. Various devices in
use described. Proc Inst. C. E. Vol. XCIV., p. 264.

, Triple Expansion, for the Mildura Irrigation Colony, Victoria. Illustrated
description. Lond. Engr., Jan. 18, 1889.

. Worthington High Duty Attachment to Pumping Engines, and how it

Works. An illustrated description of thi3 efficient device, showing indicator
diagrams, and giving data indicating the amount of 3aving effected by its use
Eng. News, Aug. 31, 1889, Vol. XXIL, p. 199.



630 ASSOCIATION OK ENGINEERING SOCIETIES.

Pumping- Machinery, Ancient and Modern. One of a series of lectures at Sibley

College, Cornell Univ., by J. F. Holloway, Past Pics. Am. Soc. M. E.. giving his-

torical review of development of pumping machinery and > description of some
modern forms, notably the Worthington high duty engine. Sci. Am. Supp., July

6. 1889.

Pumping Station at Watcrtoion, N. Y. General description of intake wheel-

pits and station. Fully illustrated. Eng. and Build. Rcc, Nov. 16, 1889, et seq.

, Chestnut Hill. See Water Works.

Punching Metals. Improved Method. Punch first makes hole smaller than re-

quired, and then takes a second cut to form exact size. Tests showing increase

in strength of plates punched by this method. Mechanics, June, 1889.

Purification of Sewerage and Contaminated Water by Electrolysis. Paper by
William Webster, before British Association. Sci. Am. Supp., Nov. 23, 1889.

of sewerage and contaminated water by electrolysis. See Sewerage Disposal.

of Water by Iron. See Water.
Quarrying by Steel Wires. See Stone Quarrying.

by Wire Cord. Illustrated description of the method adopted for quarrying

by wire cord, in use at Traigneaux marble quarry, in Belgium. E. and M. Jour.,

April 6, 1889.

Rail Sanderg's Revised Goliath. Details of this new 100Tb. rail. By C. P. Sand-

berg. R. R. Gaz., July 26, 1889, Vol. XXV., p. 192.

Rails. Best Methods of Fastening Rails to Wooden Ties. See Railroads, Mainte-

nance.

, Relations of, and Wheels. Abstract of a report of a committee of the Ameri-
can Society of Civil Engineers. R. R. Gas., Nov. 2, 1888.

. See Cylindrical Wheels and Flat Topped Rails for Railways.
. The Wear of Rails of Different Hardness. A translation of an article by

J. W. Post, in the Revue Generate de Chemins de Fer, giving results of experi-

ments on hard and soft rails as actually used m the track. Ry. Rev., Oct. 26,

1889. Vol. XXIX., p. 618.

Rail Braces. Correspondence relative to advisability of using "rail braces" on
sharp curves. Eng. News, Dec. 1, 1888.

Rail Flangers. The subject discussed before the Northwest Railroad Club. Illus-

trated by scale drawing of rail Sanger in use on C, St. P., M. & O. Ry. R. R.
Gas , February 15, 1889; Mast. Meeh., March, 1889.

Rail Joints. See Railroads, Maintenance of Way.

Rail Section. Standard 80-lb . Rail and ii-in . Angle Plate used on Mich. Cent.

R. R. R. R. Gas., Dec. 7, 1888.

. A set of sections designed on recent principles, by R. W. Hunt. R. R. Ga-
zette, June 7, 1889.

, Proposed. Paper by Robert W. Hunt, Chicago, giving details of proposed
rail sections, attention being paid to facility of manufacture as well as to meet
the demands of use. Proc. Am. Inst. Mining Engs., New York meeting, Feb-
ruary, 1889.

—
, The Proper Design of. By Fred. A. Delano. A paper before the Am. Inst.

Min. Engrs., 1883, giving essential conditions of good rolling, with proposed
specifications. Engr. News, June 8, 1889.

Railroad, Canadian Pacific. The Annual Address of the President of Am. Soc. C.

E., read at the annual convention of 1888. Gives details of construction of the
C. P. R. Illustrated by several maps and plates, pp. 33. Trans. Am. Soc. C. E„
August, 1888, Vol. XIX., p. 55.

. Change of Gauge of the Ohio &• Mississippi Railway Co.'s Track. Paper by
I. A. Smith, read before the Engineers' Club of St. Louis, Dec. 19, 1888. Jour.

Assn. Eng. Soc, March, 1889.

Grade Crossings in Germany, Law and Practice in. Translated by Prof. Geo.

F. Swain, and given with many cuts in An. Rept. R.R. Commissioners of Mass.,
1889.

. Interlocking system of the St. Louis Bridge and Tunnel Railroad. A paper
read before the Engineers' Club of St. Louis by N. W. Eayrs, C. E. Illustrated.

R. R Gas., Feb. 8, 1889.
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Railroad. Maintainance of Way. By W. G. Curtis, Supt. Track, etc., Southern

Pacific. Railroad Gazette, Nov. 16, 1888.

. Snow Ploics and Flangers. See Snow Plows.

. The Barre Railroad. A description of an interesting application of steep-

grades and switchbacks in reaching several granite quarries at Barre, Vt. Illus-

trated. Eng. News, Aug. 3, 1889, Vol XXII., p. 101.

. Train Accidents—Their Nature and Causes for Sixteen Years. (Table). R. R.
Gas., Feb. 15, 1886.

Railroad Accidents, Regulationsfor the Prevention of, in Great Britain, Synop-
sis of laws and practice of. 12 pp. in An. Eept. R. R. Commissioners of Mass.,

1S89.

Railroad Cars. The Pintsch Oil-Gas Plant. Condensed from a paper "The manu-
facture of oil-gas on the Pintsch system and its application to the lighting of

railway carriages, by Gilbert Maclntyre Hunter." Illustrated. Eng. News,
April 13, 1889.

Railroad Construction, Classification of Material in. Paper by A. M.Van Auken
read before Western Soc. of Engrs., July, 18, 1S88, with discussion. Jo>i.r. Assn,
Eng Soc, January, 1889.

. Detailed tabular statement of the number of miles of railroad construction

from Jan. 1, to Oct. 1, 1889. R. R. Gas., Oct. 11, 1889.

Railroad Embankment, Construction of. See Construction of a Railroad Em-
bankment.

Railroad .Location. See Transition Curves.
Railroad Shops and Machinery. The "Arrangements of Shops and Machinery for

the Construction and Repair of Railroad Rolling Stock." Discission at the

meeting of the New Eng. R. R. Club, Dec. 12, 1888. Also editorial notes on same.
Master Mech., Jan., 1889; R. R. Gaz., Dec. 21, 18S8.

Railroad Structures, The Use of Wood in. A series of articles by Prof. C. D.
Jameson, intended to appear afterward in book form. The Railroad and En-
gineering Journal, February, 1889, et seg.

Railroad Ties, Metallic, Different Types of. Illustrated description. Eng. <£• Min.
Jour., Dec. 29, 1S88.

. See Ties.

, The Hartford Steel. See Steel Tie.

Railroad Track, Street, The New York Approved. See Street Railroai Track.

Railroads. Axles for 60.000-Z6. Cars. See Axles.

. Bar Culverts, Canadian Pacific Railway. See Culverts.

. Cylindrical Wheels and Flat-Topned Rails. See Wheels and Rails.

. Destruction of Rails by Excessive Weights. Paper by Joseph T. Dodge, M.
Am. S. C E.. with discussion. Trans. A. S. C. E., April, 1889, Vol. XX., p. 121.

. English and American. Operating expenses compared. A paper by Ed-
ward Bates Dorsey, read before A. S. C. E., Dec. 5, 1888. With table comparing
the two systems. Eng. News, Dec. 8, and Railroad Gazette, Dec. 14, 1888.

, English and American Operating Expenses Compared. A paper read before

A. S. C. E. meeting Dec. 5, 1888, by Mr. Edward Bates Dorsey. Gives data show-
ing relative cost of hauling one ton one mile on the two systems. R. R. Gazette,

Dec. 14. 1888; also editorial comment in same paper.

. English and American Railroads Compared in Operating Expenses. By
Edward Bates Dorsey, Mem. Am. Soc. C. K. Trans. Am. Soc. C. E., April, 1889,

Vol. XX., p. 131.

, English and American Economy. A discussion of Mr. Dorsey's paper. Edi-
torial Railroad Gasette, Dec 11, 1888.

in Australia. Giving average cost per mile, working expenses, net earning 8

and mileage. Eng. News, March 30, 1839.

in Chili. Map and description. See Chili.

. Maintenance of Way, Elastic Steel Tie Plate. See Tie Plate.

Maintenance of Way. The best method of fastening rails to wooden ties,

European experience. Abstract of a paper prepared for the International Rail-

way Congress. Ry. Rev., Sept. 28, 1889; Railroad Gazette, Oct. i '1889.

, New Construction, nine months, table of. Railroad Gazette, Nov. 9, 1888.
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Railroads of the United States in 1888. Statistics of value, with discussion of same,
from advance sheds of Poor's Manual for 1889. Eng. News, A\ig. 17, 1889; R. R.
Gaz., Aug. 16, 1889.

—
. Permanent Way in Germany. A summarized account of rail sections,

cross tie and splicing arrangements on the principal European railways. Proc.
Inst. Civ. Engrs.. Vol. XCV.

. See Snow Sheds of the Canadian Pacific.

. See Ties; also, Algerian Railways.

. Standard Tender Truck on Union Pacific. See Tender Truck.

. The AM Rack-rail System. Illustrated description of the rack-rail system
for mountain railroads, devised by Herr Roman Abt, the best system of the kind
yet introduced, and an account of recent progress made. The Railroad and
Engineering Journal, Oct., 1888, and Jan., 1889.

. The Denver, Colorado Canon <£r Pacific R. R. Project. An interesting

paper on the Grand canon of the Colorado by Mr. Robert B. Stanton. Fully
illustrated by maps and large inset, giving several views. Eng. News, Sept. 21,

1889, Vol. XXII., p. 269.

. The Jull Snow Excavator. See Snow Excavator.
, Thirty-ton combination car. See Car.

. Transfer tables on Penn. R. R. See Transfer Tables.

and Street Railway Track, improvement of. By E. E. Russell Tratman.
Jr., Am. Soc. C. E. Read before convention June 25, 1889. Eng News, July 20,

1889. Vol. XXII., p. 52.

, Car Heating. See Car Heating.
, Cylindrical Wheels and Flat-Topped Rails. Paper by D. J. Whittemore,

Chf . Engr. C, M. & St. P. By., at Jan. 16 meeting A. S. C. E. R. R. Gas., Jan. 25,

1889.

, St. Lazare Station, Paris. A complete description of this station of the

Western Railway of France; including details and dimensions of the elaborate

hydraulic machinery in use there for moving both freight and cars. Illustrated.

Ry. Rev , July 27, 1889, Lond. Eng., July 12, 18S9, et seg.

. Steep Railway Incline. See Steep Inclines.

. The Cost of Working the Hartz Mountain Railway. See Hartz Mountain
Railway.

. The Decauville. A fairly complete popular description. See Paris Exhibi-

tion.

. The Greenock and Gowrock Railway, Scotland. A complete description of

bridges, tunnels, stations, quays, etc., giving a very good idea of English prac-

tice in railway construction. Lond. Eng., Feb 22, 1889, Vol. .Y.LVII,, p. 193, et

seq.

, The Glasgow Central Underground. See Underground Railway.

. The Otto Wire Rope Railway. See Wire Rope Railway.
, The Trincheras Steep Incline on the Puerto Cabello & Valencia Railway

Venezuela. See Steep Incline.

Train Lighting. See Electric Train Lightingr
Railways. Economy in the Consumption of Timberfor Railway Purposes. A

paoer by E. E. R. Tratman, presented at the American Forestry Congress,

Philadelphia, Pa., Oct. 17, 1889. Eng. News, Nov. 2, 1889, Vol. XXII., p. 410; Ry.
Rev., Nov. 9, 1889, Vol. XXIX., p. 450.

, Electric. A paper prepared by Capt. Eugene Griffin, U. S. A., before Soc. of

Arts of Mass. Inst, of Tech , pp. 12. Proc. Soc. Arts (Mass. Inst, of Tech.),

1888 and 1889, p. 101.

, Electric. The Solution of Municipal Rapid Transit. By Frank J. Sprague,

before the American Institute of Electrical Engineers, June 19, 18S8. Gives val-

uable data as to efficiency of different methods of rapid transit in cities, a de-

scription of the Sprague Electric Railway in Richmond, and proposes a plan for

solving the problem in New York. The Electrical Engineer, August, 1888. Dis-

cussion in November number.
Legislative Control of. Paper by Edwin E. Woodman, Secretary C, St. P.,

Minn. & Omaha Ry Read before the St. Paul Society, April 1, 1889. Jour.
Ass'n Eng. Soc, May, 1889. Vol. VIII., p. 304.
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Railways in Algiers. See Algerian Railways.

. Indian Railways. The broad and narrow gauge systems contrasted. A
paper by Francis J. Waring, M. Inst. C. E., together with discussion ai.d corre-

spondence on same. Pp. 88. Proc. Inst. C. E., Vol. XC VII., p. 106. London, 1889.

. See Electric Railways.

. The, Chemin de Fer Glissent. Description of a novel railway, in which the

trains are propelled by water pressure, and at a high velocity, up steep grades.

Illustrated. Eng News. Aug. 31, 1889, Vol XXII., p. 196; Eng. News, Oct. 26,

1889.

Railway Location. A Manual of Railway Field Work and Laying Out of

Work. A treatise by Mr. A. M. Wellington, M. Am. Soc. C. E. A series of

articles preparatory to publication in book form. Eng. Neivs, Oct- 12, 1889. Vol.

XXII. . p. 353, et seq.

. Transition Curves. From the German by E. A. Gieseler. The equation of

the transition curve is developed, its characteristic and important features dis-

cussed and simple methods of laying out are given. R. R. Gaz„ Jan. 4, 1889.

BailwayMaintenan.ee. Fifteen-ton derrick car on Pennsylvania R. R. See Der-

rick car.

. Car Axles. See Temperature.

Railway Rolling Stock. Draw-bar Rigging for Freight Cars. See Rolling Stock.

. Flexible Wheel Bases. A paper by J. D. Twinberrow, before Students' Sec-

tion of Inst. C. E., discussing the relative merits of rigid and flexible wheel bases

in roiling stock, pp. 15. Proc. Inst. C. E., Vol. XCVIIL, p. 292. 1889.

Railway Shops. The Design and Construction of Railway Shops. A paper by
Mr. J. Davis Burnett, Assistant Mechanical Supt. Grand Trunk Railway. From
Transactions of the Canadian Society of Civil Engineers. Eng. News, Oct. 19.

1389. Vol. XXII., p. 363, et seq.

Railway Statistics. American Railroad Statistics. A paper read before the Am.
Statistical Assn. by Prof. Arthur T. Hadley. R. R. Gas.. Aug. 2, 1889, et seq.

. The Attempted Division of Operating Expenses between Passenger and
Freight Traffic. Address by G. L. LaLSing before Assn. of Ry. Accounting
Officers, at Niagara, July 11, 1889. Ry. Rev., Aug. 17, 1889.

Railway Tunnel. Sections on Canadian Pacific Ry. See Tunnel Sections.

Railways and Trade in India. An exhaustive paper by Sir Juland Danvers, K.
C. S. I. Jour. Soc. Arts, April 5, 1889, Vol. XXXV1L, p. 451.

Rain Gauges. The Practical Value of Self-Recording. A paper road at a meet-
ing of the New England Meteorological Society, April 17, 1889. Eng. News. May
4, 1889.

Rapid Transit in Boston. Paper by Henry Manley, Member of the Boston Soc.

of Civ. Eng's. Read Feb. 20, 1889. Discussion by members. Jour. Assn. Eng.
Soc, May, 1889, Vol. VIII., p. 280.

Reamers. A Substitutefor. A new tool for sizing holes in metal by " broaching,"

claimed to be superior to the reamer in rapidity of working and wearing quali-

ties. American Machinist, Jan. 21, 1889.

Reclamation of Arid Lands by Irrigation. Report of a committee on arid lands
of the California State Board of Trade. A pamphlet of 52 pp. California State

Board of Trade, No. 605 Market street, San Francisco.

Refrigerating Machine. Performance of a 35-ton Refrigerating Machine of the

Ammonia Absorption type. Abstract of paper by J. E. Den';on, Hoboken, N. J.»

and read before Am. Soc. Mech. Eng., at Erie, May, 1889, Mechanics, June, 188C*

Relation Between the Rainfall and the Discharge of Sewers in populous districts.

See Sewers.
Relation of the Yard to the Meter. See Yard.
Reservoir, Fisher Hill. See Water Works.
Reservoir Walls. See Dams and Reservoirs.

Reservoirs. Covered, A paper by Charles H. Swan, from Journal of the New Eng-
land Water-Works Assn., Sept., 1888. Eng. News, Feb. 16, 1889.

for Storage of Water. See Croton Valley Storage.

Resistance of Trains in Cold Weather. See Train Resistance.

of Trains. Summary of a series of te3ts recently made on the C, B. & Q. Ry.
to determine the resistance of trains at high speed?. Eng. News, Nov. 21, 1388.
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Besistance Governor, Sir David Salomon's. Brief illustrated description of an
electrical machine intended for automatically introducing or withdrawing re-

sistance from a circuit in case of an alteration of E. M. F. Elec. Rev., Nov. 30,

1888.

Retaining Wall for Earth Treated Graphically. By Prof. Chas. E. Green, Uni-
versity of Michigan. Eng. News, Dec 29, 1838.

Rifle, The Military, The Development of. By Lieut. Joseph M. Califf, Third U.
S. Artillery. The Railroad and Engineering Journal, January and February,
1889.

River and Canal Works. A paper by L. F. Vernon Harcourt, M. A. M. Inst. C.
E., giving descriptions and illustrations of a few river and canal improvements.
Proc.Inst. Civil Engrs., Vol. XCVL. p. 182.

, Discussion and correspondence on paper by L. F. Vernon Harcourt. Proc.
Inst. Civil Engrs., Vol. XCVI., p. 201.

River and Harbor Improvements. Sand Bar Removal by means of sluices and
scrapers. See Sand Bar Removal.

. The Port of Nantes. Detailed account of various improvements of this

port, with account of progress and cost of work. Lond. Eng., July 10, 1889,

et seq.

River Improvement, An account, with plates, of a very successful impro 'ement
of the mouth of a tidal river. Proc., Inst. Civ. Engrs., Vol. X'J., p. 341.

River Improvements at the mouth of the Brazos. Pamphlet issued by "The
Brazos River Channel and Dock Company," including reports on the work by
Mr. E. L. Corthell, Chief Engineer, and Mr. Geo. Y. Wisner, Resident Engineer.

The Brazos River Channel and Dock Company, Equitable Building, Boston.
, Discussion on, by Messrs. J. H. Streidinger, M. Am. Soc. C. E.; William E.

Worthen, Past Pres. Am. Soc. C. E., and George H. Henshaw. Trans. Am. Soc.

C. E., May, 1889, Vol. XX., 229.

. Flood Heights in Mississippi River. A paper by Mr. William Starling, M.
Am. Soc. 0. E. Pp., 33; plates, 6. Trans. Am. Soc. C E., May, 1889, Vol. XX.,
p. 195.

on the Atlantic Coast. By W. P. Craighill, Before Annual Convention, 1888.

Gives description of the treatment of several tidal rivers on the Atlantic Coast.

Illustrated; pp. 20. Discussion, pp. 19. Trans. Am. Soc. C. E., November,
1888, Vol. XIX., p. 233.

. Tne Canalization of Rivers. Abstract of a valuable paper by M. A. Boute.

Ing en hef. des Ponts et Chausses. Third Congress Frankfurt-on-Main, 1888.

Engineer, Jan. 18, 1889, et seq.

. The Improvement of the Mississippi River. A paper prepared for the Uni-
versity of the City of New York, by William Starling, M. Am. Soc. C. E. Illus-

trated. Trans. Am. Soc. C. E., March, 1889, Vol. XX., p. 85.

The Improvement of Channels in Sedimentary Rivers. Paper by George H.
Henshaw, with discussion. Hlustrated. Trans. Am. Soc. C. E., March, 1889,

Vol. XX., p. 109.

—
. The Successful Work of Improvement of the Mouth of a Tidal River. The

Welham in England. Illustrated. Proc. Inst. C. E., Vol. XCV.
. Tidal Works on the Seine and other Rivers. A summary of 16 pp. Trans.

Liverpool Eng. Soc. p. 83 (1886).

River Physics, Effect of Levees on Stage and Discharge. A strong paper by Gen.
C. B. Comstock, Pres. Miss. Riv. Commission, combating the theory that levees

cause an increased discharge at a lower stage on the Mississippi River. An. Re-
port Chief Engrs., U. S. A., 1888. Part IV., p. 2,220.

Roads and Road Making. Abstract of an exhauetive paper on this subject, by
Capt. Francis V. Green, in Harper's Weekly, Aug. 10, 1889. Eng. dfr Build. Rec. y

Aug. 10, 1889, Vol. XX., p. 145, et seq.

Rock Excavation at Tilly Foster Mine. Brewster Station,' N. Y. Illustrates wire
rope haulage plant for disposing of the spoil ; 329,000 cubic yards of rock to be re-

moved. Eng. News, April 20, 1889.

Rock Removal under Water. Methods pursued at Port Colborne for Welland
Canal. Proc. Inst. Civ. Engrs., Vol. LXXX., p. 232.

Rolling Mill Steel, Effect of. See Steel.
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Rolling- Mill of the Roanoke Rolling Mill Company, Virginia. Illustrated de*

scription of roll trains. Am. Mfr., Feb. 22, 1889.

Rolling" Mills. Universal Rolling Mills for the Rolling of Girders and Cruciform

Section. By Hugo Sack, Duisberg-on-the-Rhine. Gives reasons why I-beams

can only be rolled with difficulty when the section becomes great, and shows
that by use of a universal four-roll mill this difficulty is overcome. Illustrated.

Sci. Am. Supp., July 20, 1889.

Rolling Steel Rails. Abstract of a paper by D. K. Nicholson before Am. Soc. M.
E., giving a brief review of methods, etc. R. R. Gas., Nov. 22, 1889; Ry. Rev.,

Nov. 23, 1889.

Rolling Stock. Axlesfor 60,000-Pound Cars. See Axles.

. Cast-Iron Wheels for 60,000-Potind Cars. See Cast-iron Wheels.

, Clearance Diagram for. A letter by Archibald A. Schenck, with diagram
giving clearance of rolling stock by several prominent makers. R. R. Gas.,

June 21, 1889.

. Couplingsfor Steam Heating. See Couplings.
—— . Cylindrical Wheels and Flat Topped Rails. See Wheels and Rails.

. Draw-Bar Riggingfor Freight Cars. Discussion before meeting of Western
Railway Club. Also an illustrated description of the Graham draft rigging in

use on the Pennsylvania R. R. R. R. Gas., March 29, 1889.

. Tests of Brake Beams. See Brake Beams.

Roofs, Iron. See Iron Roofs.

Roof of the Main Drill-Room of the Twenty-second Regiment Armory, New York
City. Illustrated description of arched steel roof of 176-foot span and 62 foot

clear rise with strain diagram. Eng. News, April 13, 1889.

Rope Driving. A paper by Louis J. Seymour. Illustrated. Power, May, 1889, et

seq.

Rope Railway, Otto Wire Ropeivay. A profusely illustrated article descriptive

of this novel wire rope Trailway as used at Gottesegen Colliery, Antonienhutte,

Westphalia. Sci. Am. Supp., June 22, 1889.

Eope Transmission of Power. Full description of the apparatus and the prin-

ciples involved, methods of splicing, table of power transmitted by ropes of

various sizes, etc. By Loomis I. Seymour. Power, May and June, 1889.

Rupture of Copper by the Electric Current. A remarkable rupture of copper wire

used in construction of " Bernstein lamps." Electrical Rev., Nov. 23, 1888.

Russian Sheet Iron, Manufacture of. Paper by F. Lynwood Garrison in Journal
of the U. S. Association of Charcoal Iron Workers. Describes process of manu-
facture. Eng. and Min. Jour., Dec. 1, 1888. Am. Mfr., Dec. 14, 1888.

Sand-bar Removal by means of sluices and scrapers at Liverpool, Eng. Proved
very successful. Proc. Inst. Civ. Engrs., Vol. XC, p. 308.

San Francisco Water Front, Structures on. See Water Front.
San Mateo Dam, San Francisco Water Works. See Dam.
Sawing Stone by Helicoidal Wire Rope. An ingenious method of using wire rope

in sawing stones instead of the usual method. Jour. Soc. Arts, Aug. 9, 1889,

Vol. XXXVII., p. 746; Am. Mfr., Aug. 23, 1889.

Scales. See Twenty-ton Weighbridge.
School Buildings. See Ventilation of School Buildings.

Scow. Automatic Rock Dumping Scow used at Newburyport, Mass. See Auto-
matic Rock Dumping Scow

Secondary Battery, Faure's New. See Faure's New Secondary Battery.
Secondary Batteries. See Electricity.

Sedimentation. See Falling Velocities.

Self-Recording Rain Gauges, Value of. See Rain Gauges.
Semaphore Signal, Long's Electric. See Electric Semaphore Signal.

. The Koyl Parabolic Semaphore. Illustrated description of a semapnore
signal, which is claimed to present the same appearance, as to color and position,

at night as during the day. Ry. Rev., Oct. 5, 1859 Vol. XXIX., p. 575.

Separator, Edison's Magnetic. For ores. Illustrated description, with results of

experiments on various ores. Eng. and Min. Jour., Dec. 8, 1888,

, The Venstrom Magnetic. See Venstrom Magnetic Separator.
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Sewage. Electrical Treatment of. An account of a practical test of the system of

Mr. William Webster, of London, on a scale of 12,000 gals, per hour. Eng. News,
April 13, 1889.

Flow of Chiswick, Eng. Automatic registration of flow for several years.

Proc Inst. Civ. Engrs., Vol. XCIV., p. 217.

. Purification of, by Electricity. A description of the methods used and the
expeiimental works of Mr. Webster in England. Estimated cost of treatment,
13s. per million gallons. The Electrical World, April 27, 1889.

Sewage Disposal by Filtration. See Filtration at Experimental Station at Law-
rence, Mass

. Discussion of conditions and recommendations of State Board of Health for

Brockton, Ware, Haverhill, Winthrop, Pittsfield, Framingham, Westfleld,

Quincy, Northampton and Lenox, Mass. Pp. 16. 2Wi An. Rep. State Board of
Health, Massachusetts, 1889, p. 10.

. Filtering Experiments of Mass. State Board of Health conducted at Law-
rence, Mass. Abstract, Eng. and Build. Rec, Nov. 23, 1889.

. Proposed Planfor Providence, R. I. A very complete and valuable report

by Samuel M. Gray, City Engineer, Providence, R. I. Rep. City Eng., Provi-
dence, R. I., 1884, No. 25.

. Purification of Sewage and Contaminated Water by Electrolysis. A valua"

ble paper treating recent researches in this line of engineering. Read by Will-

iam Webster, F. C. S., before Section G., British Association, at Newcastle- on-

Tyne, September, 1889. Illustrated. Elec. Rev.. Oct. 11, 1889; abstracted in Eng.
News, Oct. 26, 1889, Vol. XXIL, page 387.

. Report of the Commission of Engineers on the Collection and Final Disposal

of the Sewxage and on the Water Supply of the City of Milwaukee, Wis. Includes

an appendix on chemical and mechanical treatment of sewage. Report of the

Cornm. Milwaukee, 1889.

. See Pollution of River-.

Sewage Disposal Plant, The Hardie. Illustrated description. Eng. News, Feb.

2, 1889.

Sewage Woiltsfor the Mystic Valley, Mass. Described and Illustrated. Sewage
pumped and treated with precipitant. Report of Boston Water Board, 1888.

Sewage. Report on a Proposed System of Sewerage for St. John's, Newfoundland,
by Rudolph Hering and C. J. Harvey, Town Engineer, including plumbig and
house draining regulations. Rep. on Proposed Sewerage, St. John's, Newfound-
land.

, Systems of Memphis, Norfolk and Charleston. A special report of the City

Surveyor of Savannah, giving details as to dimensions, cost and operation of

sewers in above named cities. By Mr. W. J. Wilen. Eng. and Build. Rec,,.

Aug. 10, 1889, Vol. XX., p. 143.

. See Water Supply.

Sewerage and Drainage of the Mystic and Charles River Valleys'. Report of the

Massachusetts State Board of Health, 1889, with special reports by Jas. P. Davis,

H. A. Carson, F. P. Stearns, Chas. H. Swan and Fred Brooks. A valuable docu-

ment of 140 pp. Maps and index. Treats of classification and filtration and
gives estimates of cost of plants.

Sewerage Systems, Milwaukee, Wis. See Flushing Tunnel.

of East Orange, N. J., with illustrated description of sewage disposal plant in

use there. Eng. News, Jan. 19, 1889.

Sewers. Hintsfor Trenching and Pipe Laying. Article by J. L. Fitzgerald, M t .

Am. Soc. C. E., giving results of his own experience. Eng. and Bldg. Record.

June 15, 1889.

, Mean Velocity of Flow in, Formula for. By Rudolph Hering. Eng. Neivs,

Dec. 15, 1888.

, Multipliers and Curves for ascertaining the discharge, etc., at various

depths in the same sewer. By Robert M. Gloyne. Eng. News, April 6, 1889.

—-— . The Relation Between the Rainfall and the JDischar-ge of Seu-ers in Populous

Districts. A very valuable paper by Emil Knichling, M. Am. Soc. C. E., pp. 56.

Gives a great amount of data in tabular form. Illustrated. Trans. Am. Soc
C. E., Jan., 1889, Vol. XX., p. 1.
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Sewers. Proportion of Rainfall Reaching the Sewers. Paper by Emil Knichling..

Eng. News, March 16, 1889, et seq.

, Ventilation of. A paper by W. S. Crisp, Assoc. M. Inst. C. E„ giving results

and discussion of experiments on the movement of air in the sewers at Wimble-
don, 1888. A valuable study of this subject. Pp. 8. Proc. Inst. C. E., Vol.

XCVIL, p. 383, London, 1889.

Shaft, Engine, Graphic Representations of Strains in. See Engine Shaft.

Shaft Sinking-, The Poetsch System, by congelation. A description of some in-

teresting experiments with. Abstracted in Proc. Inst. Civil Eng., Vol. XC. „

p. 531.

Shearing Strength of Iron and Steel. See Iron and Steel.

Sheerlegs, 120-Ton, at Clydebank ship building-yard. Brief description, illustrated,,

with details of construction. E. & M. Jour., Feb. 9, 1889.

Sheet Iron, Manufacture of Russian Sheet Iron. See Russian Sheet Iron.

Sheet Piling, Clamp for Pulling. Paper by Chas. E. Emery, M. Am. Soc. C. E.

Illustrated. Trans. Am. Soc. C. E., Vol. XX., p. 118, March, 1889.

Ship Building on the Pacific Coast. Paper by Lieut.-Commander F. P. Gil-

more, U. S. N. Illustrated, pp. 6. U. S. Naval Institute, Vol. XV., p. 443. 1889.

No. 50.

. Sheathed or Unsheathed Ships ? By Na al Constructor Philip Hichborn, U.
S. N. An argument for sheathing iron and steel vessels with copper. Proc. of
the U. S. Naval Inst., Vol. XV., No. 1, 1889.

Ship Canal. See Canal.
Ships. Corrosion of Steel and Iron Ships. See Corrosion.

. See Speed Trials.

Ship Railway. See Chignecto.
Ship Steel. The Manipulation of Ship Steel. Article calling attention to the dan-

ger of making an otherwise satisfactory material brittle by hammering and
bending too cold. Am. Mfr., Aug. 23, 1889.

Shoring Trenches. See Sewers.
Sibley Bridge. Paper by O. Chanute, John F. Wallace and W. H. Breithaupt. See

Bridge.

Signal, The Koyl Parabolic Semaphore. See Semaphore.
Signals, Naval Coast. By Lieut. Richard Wainwright, U. S. N. Describes and1

compares a number of different methods for signaling between the shore and a,

fleet, to be used in a system of coast defense; including semaphores, electric

flash lights, the heliograph, carrier pigeons, etc. Proceedings of the U. S. Naval
Institute, Vol. XV.. No. 1, 1889.

Silica and Aluminum, Effects of in Working Iron. Gives result of tests made by
Prof. J. B. Johnson, showing gain in tensile strength of five to forty-eight per-

cent., and a gain in resilience of ninety ner cent., due to the use of the " Silica.

Process." A comparison is made between the above results and those obtained

by the use of aluminum, described in a paper, " Influence of Aluminum on Cast
Iron,' by Mr. W. J. Keep, before A. A. A. S., August meeting. The results show
marked similarity. R. R. Gaz., Dec. 7, 1888.

Silicon in Pig Iron Production. A brief paragraph noting a -'remarkable discov-

ery " by Mr. Charles Wood, Prest. Cleveland Institute of Engineers, of the fact

that silicon has the power to convert combined carbon into uncombined carbon.

Am. Mfr., Dec. 14, 1888.

Skew Arch Bridge Colorado St., St. Paul Description of this bridge of especial

interest on account of method of coursing voussoirs parallel to lines of skew-
backs, instead of in helices. Eng. & Bxiild. Rec, Nov. 23, 1889.

Slag Cement. The Manufacture of. Abstract of an article in Annales Indus-

trielles. July 21, 1889, p. 89. Proc. Inst., C E„ Vol., XCVIII,, 1889, p. 119.

Slide Valves, Friction. of. An account of some very accurate and valuable experi-

ments made by J. A. F. Aspinwall- Illustrated, with discussion covering t8 pp.
in Proc. Inst Civ. Engrs., Vol. XCV.

Smoke-Consuming Furnace. The Wilmsmann's Furnace, a great success in

Westphalia. An'apron wall causes all gases to pass through coal bed on way to

flues. Journal fur Gasbeleuchtung und Wasserversorgung, 1888, p. 135. Ab-
stract in Proc. Inst Civ. Engrs.. Vol. XCV., p. 464.
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•Smoke Prevention. A paper by Robert Moore, read before the Engineers' Club
of St. Louis, Nov. 31, 1888. Jour. Assn. Eng. Soc, April, 1889.

Snow Plows and Flangers. Discussion of the subject by the Northwest Railroad
Club. Mast . Mech . . February, 1889

.

. Discussion of the subject by the Northwest Railroad Club. R. R. Gaz.,

Jan. 11, 1889.

. The Jull Centrifugal, for railroads. Illustrated description. R. R. Ga-
zette. March 29; Eng. News, March 30. 1889.

Snow Sheds of the Canadian Pacific Railway. Illustrated description. E. and
M. Jour., March 2, 1«89.

Social Statistics r f Cities. Sec cities in U. S.

Sodom Dam. See Dam.
Solid Bridge Floors on the New York Central & Hudson River R. R. See Bridge

Floors.

Sounding- Machine of the U. S. S. "Ranger." The original machine of Sir Will-

iam Thompson, as improved by Ensign Harry Phelps, U. S. N., so as to produce
a serviceable and reliable machine that is cheap, and not liable to get out of or-

der. Description, with illustration, method of using, etc. Proceedings U. S.

Naval Institute, Vol. XV., No. 1, 1889.

Sparkit g\ A Few Points About. By L. W. Serrell, J-., " with reference to that

troublesome occurrence which makes the commutators and brushes on our
dynamos so short-lived.'' Elec. Rev., Nov. 23, 1888.

Specificationsfor Bengal-Nagpur Railway Bridges. See Bridges.

for Car Wheels. Report of M. C. B. Ass'n Committee. See Car Wheels.
for Highway Bridges. By J. A. L. Waddell. See Bridges

.

Speed Trials of British War Ships. A detailed account of the recent trials of

H. M. S. S. "Camperdown" and " Anson." Proc. Inst. Civ. Engrs., Vol. XCV.
Springs/or Use on Railway Rolling Stock. See Formulas for Springs.

tability of Bench Marks. See Bench Marks.
Stamps, Steam, Solid Foundations vs. Spring Timbersfor. Brief editorial giving

two cases in recent practice. Eng. and Min. Jour., Dec. 1, 18S8.

Stand Pipes. A paper by Wynkoop Kiersted, C. E. Discusses strength and de-

signing of lap joints, thickness of plates necessary to resist water pressure and
wind stresses, etc. Illustrated by diagram. Selected Papers of Rensselaer
Soc. of Engineers, Vol. II., No. 2, p. 49, June, 1889.

, Thickness of Plates for. Formula for. By Kenneth Allen. Eng. News, Dec.

15, 1888; Eng. & Build Rec, Jan. 5, 1889.

Station. The Neiv Central Station of the Narragansett Electric Lighting Com-
pany, Providence, R. I. A paper read before the National Electric Light Asso-
ciation, Aug. 7, 1889, by J. T. Henthorn and C. R. Remington. Illustrated. Gives
a very complete account of the arrange > ent of steam and electrical apparatus,

shafting, etc. , for a first-class plant. Elec. World, Aug. 17, 1889; Elec. Engr.,
September, 1889; Power, October. 1889.

Steam at High Pressures. Theoretical and Practical Efficiency of. A paper read
before Sec. G of the British Assn. by Mr. W. W. Beaumont, M. I. G. E. Eng.
News, Feb. 9, 1889.

at High Pressures. Theoretical and Practical Efficiency of. A paper read be -

fore the British Assn. at Bath, Sept., 1888, by W. A. Beaumont. Am. Eng., Jan.

2, 1889.

, Economy of High Pressxire. By W. Worby Beaumont before British Asso-

ciation. Abstract of and editorial on. Railroad Gazette, Nov. 2, 18S8.

Heating of Cars. See Car Heating.
. The District Distribution of Steam in the United States. A paper by Chas

E. Emery, Ph. D. ; also discussion and correspondence on the paper. Pp. 81.

Proc. Inst. C. E., Vol. XCVIL, p. 96, London, 1889.

Steamer. A new Steel Ferry Sterner. Description and drawing of the new ferry-

boat of the Michigan Central Railway, designed to ferry 21 loaded cars across

the Detroit River, breaking its way through the ice in winter. R. R. Gaz., Jan.

25, 1889. The Railroad and Engineering Journal, Feb., 1889.

Steamboats, Portable. Description of two portable steam launches built for M. de
Brazza for use on the Congo. Illustrated. Mechanics, Aug., 1889.
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Steamship Propulsion, The Laws of. Discussion of the subject, with experimental

data. By Robert Mansel. Lond. Engr., Jan. 25, 1839.

Propulsion. On the Laws of Steamship Propulsion. A paper by Robert

Mansel, of Glasgow, of a somewhat theoretical nature. Lond. Engineer, Aug.

2, 1889.

Steam and Water Power, Comparative Cost of. Abstract of paper by Charles H.

Manning, Manchester, N. H. Valuable Camparis an of cost of steam and water

power for Lawrence and Lowell, Mass., and Manchester, N. H. Mechanics,

June, 1889.

Steam Boilers. An exhaustive paper and discussion on materials used in boilers,

joints and seams, stays, general construction and special types, covering 88 page3

in Proc. Inst. Civ. Engr., Vol. LXXX., p. 100.

Steam Engines, Condensers for. See Condensers.

Steam hngine. Description of a novel form of steam engine; dispensing with all .

eccentrics, rods, steam chests, valves, etc., the piston itself by its peculiar con-

struction acting as its own slide valve. Illustrated. Eng. News, Oct. 26, 1889.

Vol. XXII., p. 389.

. Economy trials of a non-condensing steam engine, simple, compound and
triple. A reply to correspondence on his pr 3 vious paper (Proc. Inst. C. E., Vol.

XCIIL, p. 243) by P. W. Willans, M. Inst. C. E. Proc. Inst. C. E., Vol.

XCVI., pp. 230-271.

Indicators, Tests of. See Indicators.

. Investigation of the Heat Expenditure in Steam Engines, especially with
reference to methods of diminishing cylinder expansion. A paper by Prof.

Dwelshauvers Dery, of Liege University, pp. 26. Translated in Proc. Inst. C. E.,

Vol. XCVIII.
, p. 254, 1889.

. On Variable Load, Internal Friction and Engine Speed and Work. An
abstract of two papers by Prof. R. H. Thurston, read at the Scranton meeting
of the American Soc. Mech. Engrs., with diagrams. R. R. Gaz., Dee. 28, 1888.

. Output of the Non-Condensing Steam Engine, as a function of Speed and
Pressure. A valuable contribution to the scientific treatment of the steam en-

gine, including some new laws, by Prof. F. E. Nipher. Trans. St. Louis. Acad.
Science, Vol. V., No. 3; also American Jour, of Science, October, 1889.

, Quadruple Expansion. Designed by Mr. Thomas Mudd. Illustrated de-

scription. Lond. Engr., Jan. 18, 18S9.

, Triple Expansion, for the Ferryboat " Bergen." See Triple Expansion.
, Triple Expansion. S. S. Victoria and Domira. Illustrated description.

Lond. Engineer, Jan. i, 1889.

3te->m Heat for Railway Cars. Discussion of the subject before the Western
Railway Club at Jan. 15 meeting. Mast. Mech., February, 1889.

Steam Heating. Couplingsfor Steam Heating. See Couplings.
Steam Plantsfor Electric Service. Paper by Wm. H. Bryan, read before St. Louis

Engineers' Club, April 3, 1889, pp. 8. Jour. Assn. Eng. Soc, August, 1833, Vol.
VIII., p. 419.

Steam Plant of the Washington Mills, Lawrence, Mass. See Engine, Steam.
Steam. Tower versus Water Power. Paper by Charles H. Manning, Manchester,

X. H., on the comparative cost of steam and water power, presented at the
Erie meeting Am. Society of Mechanical Engineers. American Machinist, May
16, 1889.

Steam Stamps, Foundatio-nsfor . See Stamps, Steam.
Steel, Bessemer, The Manufacture of. A lecture before the Franklin Institute, Jan.

21,1889, by Robert W.Hunt. Gives history of development of manufacture,
chemical composition and physical manipulation. Journal of the Franklin In-
stitute, May, 1889.

(Bessemer). Compression Numbers, Strength of. See Columns.
. Domestic Steelfor Naval Purpos's. A pa.per by Lieut.-Com. J. G. Eaton,

U. S. X, giving brief descriptions of the bessemer, open hearth and basic open
hearth process, together with government specifications for Hall plates and
rivets, steel castings, boiler plates, stays and rivets, engines and shafting,
anchors, steel ropes and steels for guns. Proc. U. S. Naval Institute, Annap-
olis, Md., Vol. XV., Xo. 2. Whole No. 49, 1839,
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Steel. Discussion of "Treatment by Hydraulic Pressure" by various members of the-

Institute of Civil Engineers, pp. 58. Proc. Inst. C. E., Vol. XCVIII., p. 115, 1889.

. Effects of Heat and Cold on Iron, Steel and Copper. See Heat and Cold.

Hardening and Tempering. See Hardening and Tempering.
. Manipulation of Ship Steel. Article of some value in Land. Engineer,

Aug. 2, 1889.

. Man uj act ure of Bessemer Steel. See Bessemer Steel

.

, Mild. Effect of Hot Rolling and of Cold Wire Drawing. Experiments
showing complete physical effects at the several stages of hot rolling and cold
wire drawing. Results tabulated and plotted. Proc. Inst. Civ. Engrs., Vol.
XCIV.p. 235.

. Notes on the Manufacture of Open Hearth Bridge Steel. By N. W. Shed,
Phcsnixville, Pa., pp. 3. Proc. Am. Inst. Mining Engs., Coloiado meeting, June
1889.

. See Alloys. Also Ship Steel.

. See Manganese Steel.

. See Tests. Stevens" Indicator, Jan., 1889, Vol. VI., p. 28.

Tires. Influence of Chemical Composition on. By J. O. Arnold. A paper and
discussion covering 52 pp. Proc. Inst. Civ. Engrs., Vol. XCV.—— Treated by Hydraulic Pressure. A paper by W. H. Greenwood showing
effect of hydraulic pressure on steel ingots. Test pieces cut from ingot longitud-
inally showed an increase of elastic limit of 3 per cent, and strength of 1.2 per
cent, over impressed ingots. Pieces cut diametricallv from pressed ingot showed
increase of elastic limit of 8.4 per cent, and strength of 5 per cent. Pp. 62. Proc.
Inst. C. E., Vol. XCVIII., p. 83. 1889.

. Treatment of Steel by Hydraulic Pressure. Abstracts from a paper _by
Wni. H. Greenwood, M. Inst. C. E., showing increased strength and ductility by
this treatment. Sci. Am. Sup., Aug. 10, 1889.

Steel Castings for the Manufacture of Guns. By Major L. Cubillo, Spanish
Artillery. From Trans. Iron and Steel Inst. Am. Mfr., Dec 7, 1888.

Steel Ingots. The Boulton Apparatus for Compressing. Illustrated description.

E. & M. Jour., May 18, 1889.

Steel Rails, and Specifications for their Manufacture. By Robert W. Hunt,
Chicago, 111. Illustrated, pp. 16. Proc. Amer. Inst. Mining Engs., Buffalo meet-
ing, 1888.

, Comparative cost of manufacturing in Pennsylvania and England. Ab-
stract from consular report by Mr. J. Schoenhof, October, 1888. Eng. News.,
Feb. 9, 1889.

. Rolling Steel Rails. See Rolling Steel Rails.

Steel 1 ie, The Hartford. Illustrated description of. A test of this tie is about to

ILL be made on the Hudson River Division of the N. Y. C. & H. R. R. R. R. Gaz.,
Dec. 7, 1888.

Steel Wort s. The Homestead Steel Works. A description of these works, owned,
by Carnegie, Phipps & Co., at Pittsburgh, by W. Richards and J. A. Potter.

Illustrated. U. S. Naval Institute, Vol. X V, p. 431, 1S89; whole No. 50.

Steep Incline*?, The Trincheras Steep Incline on the Puerto Cabello & Valencia
Railway, Venezuela. A brief paper by John Carruthers, M. Inst. C. E Proc.

W: Inst. Civil Engrs., Vol. XCVL, p. 120.

, Discussion and Correspondence on John Carruthers' paper. Proc. Inst.

B,7 Civil Engrs., Vol. XCVL, p 145.

Stone and Ore Crusher, The Gates. See Crusher.

Stone Bridges, Cost of, in detail. See Masonry.
Stone Car, Hurst & Trenor's. An ingeniously designed railroad car for loading

^L and transporting large blocks of stone. The Railroad and Engineering Journal.

February, 1889.

Stcne Quarrying and Sawing by Steel Wires. Illustrated description of method
in use at the Traigneaux marble quarries in Belgium. Eng. and Min. Jour.,

May 25, 1889.

by Wire Cord. See Quarrying.
Stop Valve, A Standard 48 in. Brief illustrated description of the standard 48-in.

stop valve used in the public works of New York City. Eng. News, Dec. 15, 1888.
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Strains in Curved Davis. Correspondence curved vs. straight dams. See Dams.

in Curved Dams. See Dams.
on Engine Shaft. Graphical representation of. See Engine Shaft.

Stream G-augings on the Elbe in 1886-7. By A. Riogel. [Made with current

meters, essentially like Harlacher's]. Du Civilingeineur, 1888, pp. 505-528.

Strength of Alloys at Different Temperatures. Abstract of a paper by Prof. W.
C. Unwin, and giving strength, elongation and reduction of area, etc., for

various alloys at different temperatures. Mechanics, November, 1889.

Strength of Bailding Materials. Normal Working Loads for Building Ma-
terals and Structures adopted by the Austrian Association of Engineers and
Architects, a summary of a committee appointed by above Association, giving

in tabular form the principal conclusions. Abstracted from Wochenschrift des

Osterreichisehen Ingenieur und Architeketn Vereins, 1889, in Proc. Inst. C. E.,

Vol. XCV1L, p. 428, London, 1889.

Strength of Columns, Formula for. By Taos. H. Johnson. See Columns.

Strength of Michigan Woods. See Woods.
Strength of Welds in Wire Ropes and Wire. Tests. See Wire Ropes.

Stresses in Bridges. By Wm. H. Booth, M. Am. Soc. C. E. See Bridges.

in Bridgesfor Concentrated Loads. See Graphical Method.
Structures on the Water Front of San Francisco, Cat. See Water Front.

Structural Steel , Tests of. See Tests.

Steel Car. The American Fire-Proof Steel Car. See Railroads

.

Streets in City of Mexico, New and Old Naming of. See Mexico.

Street Pavements in Cleveland, O. Gives experience with many kinds of pave-

ments. By M. E. Rawson, in An. Rep. Ohio Soc. Engrs. and Surv's, 1888. C. N.

Brown, Sec'y, Columbus, O.

Street Pavements of New York. Paper by Prof. J. S. Newberry, describing the

condition of New York pavements, and suggesting means of improvement.

Pp. 7. School of Mines Quarterly, Columbia College, July, 1889, Vol. X., p. 289.

Street Paving. Methods of Laying Brick Street Pavements. See Brick Street

Paving.

Street Railroad Track, The New York Approved. Cross section of track and
substructure (from Park Engineer M. A. Kellogg's report of Nov. 5, 1888), which
has been accepted, and its specifications adopted for street railroads in New
York City. Gives rail section and cost of laying. Eng, and Building Rcc, Jan.

5, 1889.

Street Railway Convention. Held at Minneapolis, October, 1889. Complete reports

cf proceedings, covering much matter of interest, in St. Ry. Jour., November,
1889. St. Ry. Gaz., October, 1889.

. Motors other than Animal, Cable and Electric. A report on steam, gas,

compressed air and chemical motors, as applied to street car propulsion, by Mr.
H. H. Windsor, Secretary Chicago City Railway Company, read at Convention

of Am. St. Ry. Assn. at Minneapolis, 1889. St. Ry. Gaz., October, 1889.

. See Rapid Transit and Electricity.

, Steam. See Tramways.
St. Lazare Station, Paris. Complete description. See Railway.
Submarine Excavations in Sand. Illustrated description of the niethod^of sub-

marine excavation in sand, used by the Dutch engineer, W. H. Ter Meulen, by
means of the water jet. Sci. Am. Supp., May 18, 1889.

Survey. Accuracy of the Hamburg City Survey. Probable errors computed. Zeit-

schriftf. Vermessungsioessen, 1888, pp. 355-364.

Geodetic, in Germany. See Geodetic Surveys.

of the City of Berlin, With description of the means used for preserving^the

triangulation points, etc. Zeitschriftf. Vermessungswessen, pp. 193-202.

Surveying by means of the stadia or telemeter, or tacheometry. A very good
paper, describing the various ways in which it is applied, in Proc. Inst. Civ
Engrs., Vol. XC, pp. 282-309.

Descriptions. A paper read before the Association of Provincial Land Sur-
veyors, by Otto J. Klotz. Printed by C. B. Robinson, No. 5 Jordan street, To-
ronto, Ont., 1889.

. See Photography Applied to Surveying.
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Surface Condensers. By Jay M. Whitham, Fayetteville, Ark. A paper giving
historygof surface condensers, their advantages and disadvantages, experimental
data, etc. Mcch. World, Nov. 17, 18S8.

Sweetwater T>a.m.,\For Description of, see Dam.
Switch Signal Station, The Elisabethport. An illustrated aDd very full description

of the modern],switchIand signal plant recently put in by the Union Switch &
Signal Co. ZEng.lNews, Nov. 24, 18S8.

. TkelJohnson\Intcrlocking Machine. Illustrated description. R. R. Oaz.,
Jan. 18, 1889.

• TheiPrice BrogUss Switch. Illustrated description. Eng. News, Apri
6, 1889.

Taclieometry. See Surveying.
Telegraphy, Cable. A new method for increasing the speed of transmission of

cable messages, by^which it is claimed that thirty words per minute may be
sent, using the ordinary, alphabet. By P. B. Delaney, before the Franklin Insti-
tute, March 11, 1888. Illustrated. Jour. Fran. Inst., July, 1889.

, Synchronous Multiplex. A New System. Paper read before the American
Institute of Electrical Engineers by Lieut. F. J. Patten, describing his invention,
whose salient feature is the employment of synchronizing devices which are in
themselves not isochronous, and which therefore depend entirely upon one
another. The Electrical World, Feb. 23, 1889. Discussion in number of March
9, 1889.

TelegTaph.«Lines,!A7ew Methodfor Improving the Working of, at Great Distances.
By M. Fernand;Godfrey. Elec. Rev., Nov. 30, 1888.

Telford Macadam Pavements. Article describing in detail the most approved
methods of constructing this form of street pavements, together with illustra -

- tions showing cross-section of street and steam road roller for use in construe

-

**• tion of pavement. Eng. News, Sept. 7, 1889, Vol. XXII., p. 221.

Temperature, Effects of, on R. R. Axles. Results of extended experiments in
full-sized?car axles at temp, of zero F. and at 100° F. By Thos. Andrews. A con-
tinuation of^former retorted experiments. Proc. Inst. Civ. Engrs., Vol. XCIV.,
p. 180.

, Fluctuations of, in Different Years. Table giving mean monthly and yearly
temperatures in.Philadelphia for a period of 61 years. E?ig. News, Dec. 8, 1888.

Tender Truck, Standard on Union Pacific Ry. Illustrated description of standard
tender|truck, used under the Wootten express engines on the U. P. Ry. R. R.
Gas., Dec. 7, 1888.

Tests. A Drifting Test for Steel Angle Bars. Illustrated article. Eng. Neivs,

April 27, 1889.

. AlSummary of Results and Conclusions on a Series of Tests on Brick. See
Brick Tests.

.w Drifting Tests of Structural Steel. Extract from letter of Mr. A. C. Cun-
ningham, C. E. Illustrated. Eng. News, May 18, 1889.

. Endurance Tests of Metals. By C A. Marshall. Gives discussion of

various experiments on the effect of repeated stresses. Illustrated pp. 17. The
Technic, Univ. of Mich., No. 2, new series, p 7, 1887.

— for Cast Iron. How to Test Cast Iron. An article by Prof. J. B. Johnson,
Washington University, St. Louis, describing a new form of testing machine
for cast iron, discrssing methods of testing cast iron, and proposing a new rule

for computing resilience; also proposed change in specifications. R. R. Gaz.,

Sept. 13, 1889; Eng. iVews.ESept. 14, 1889; Ry. Rev., Sept. 14, 1889; Mech. Worlds
Oct. 19, 1889.

for Steel. An account of a few severe drifting, punching and bending tests on
a soft steel low in phosphorus. A tension test gave : elastic limit, 35,740 per sq.

in. ; ultimate strength, 49,940 per sq. in. ; elongation in 8 degrees, 33J4 per cent.

;

reduction in area, 67.27 per cent. Eng. News, Sept. 28, 1889, Vol. XXIL,
p. 294.

. Laws of Crushing Strength of Brick Determined by Experiments. See
Brick, Laws of.

of Full-Sized Angle Irons. Paper by Charles F. Loweth, Mem. of the Civi 1

Eng. Soc. of.St. Paul. Jour. Assn. Enr. Soc, May, 1889, Vol. VIII., p. 268.
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Tests of Brake Beams. See Brake Beams.

f Full-Sized Bessemer Steel Bridge Columns. See Columns.

of Iron and Steel for use in boiler ma king, as recommended by a committee

of American Boiler Makers' Association. See Boilers.

f a Neiv Stea7n Boiler. Detailed statement giving ^complete data of this

boiler test made by Mr. Francis E. Galloupe, of Boston. Eng. News, Sept. 7,

1889, Vol. XXII., p. 222.

of Structural Steel. A letter by Theodore Cooper showing no advantage in

reaming punched holes in soft steel, and recommending the use of drifting test.

Engr. News, May 25, 1889.

of the New Quick Acting Westinghousel Apparatus. [Brake.] See Brake
Tests.

. See Cement Tests.

to Determine Economy ofNon-condensing rSimple, Compound Engines. See
Engine Trials.

Testing Works of the Belgian Government for 'the Departments of Railways,
Ports, Telegraphs and Marine. A short account of them in Proc. Inst. Civ.

Engrs., Vol. XC, p. 392.

Thickness of Water Pipe. See Water Pipe.

Thorns ari's Electric Welding Apparatus. See Electric Welding.

Tide Gauge. A Syphon Tide Gaugefor Open Sea Coast. Illustrated description

of a successful form of Syphon Tide Gauge. U- S. C. & G. Survey, Bulletin No.
12, March 30, 1889.

Tie, Hartford Steel, for railroads. Illustrated and described. P.P. Gaz. ,Dec. 7,

1888.

Ties, Metallic. "Cross ties in India." Article by an Indian engineer, describing
various forms of cross ties in use and under trial on the railways of India. P. P.
Gaz., August 23, 1889, Vol. XXL, p. 552.

, Metallic, experience with, on Swiss railroads. Abstracted from a report by
M. Mayer, Chief Engineer of Western Railway of Switzerland . P. P. & Eng.
Jour., October, 1889, Vol. LXIIL, p. 462.

. See Maintenance of Way.
Tie Plate. Elastic Steel Tie Plate in use in Sweden. Brief Description. P. P. Gaz.

March 8, 1889

Tile Drains, Construction, Comparative Cost and Efficiency, as compared to open
ditches. A good paper by E. B. Opdycke. in Am. Pep. Ohio Soc. Engrs. and
Surv's. 1888. C. N. Brown, Secretary, Columbus, O.

Tilly Foster Iron Mine, Reopening of. Paper by F. H. McDowell, New York, de-
scribing the methods used in making the necessary e> cavations, viz., the use of
wire cables and trolleys for tne open pit. Illustrated. Pp. 9. Proc. Am. Inst.
Mining Engs., New York meeting, February, 18S9.

Timber, Economy in the Consumption of, for Railway Purposes. See Railways
Economy in the Consumption of Timber, etc.

. Report of Experiments in Wood Seasoning. Made by G. H. Ellis for C, B.
& Q. R. R. Co., giving "the fluctuations of moisture in wood during seasoning,"
both by tables and diagrams. Preliminary report, Forestry Division, Dept. of
Agriculture, Bulletin No. 3, Washington, 1889.

Timber for Railroad Purposesfound in Arkansas. All the important timbers of
the State described from personal^ knowledge by E. C. Buchanan. Trans. Ark.
Soc Engrs. and Surv's, 1888.

Time System, Western Union. See Western Union.
Tin Scrap, Making Nailsfrom. A paper by Oberlin Smith, before the American

Inst, of Mining Engineers, describing a new process for the utilization of tin
scrap by forming it into nails by pressure. American Machinist, June 6, 1889.

Tires, Thick vs. Thin, on Locomotive Drivers. See Locomotive Tires.
Topographical Mips by Reconnaissance methods, by Arthur Winslow in the

Trans. Ark. Soc. Engrs. and Surv's, 1888.

Torpedo Boat, Structural Strength of. By Lieut. F. J. Drake, U. S. N. An inter-
esting discussion of the stresses in the various members of a torpedo boat sub-
jected to still-water pressure, also when among waves. Illustrated by several
stress diagrams. Sri. Am. Supp., July 6, 1889.
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Torsional Strength of Iron and Steel. See Iron and Steel.
Traction. Rope Haulage in Austria. Abstracted in Proc. Inst. C. E., Vol. XC. f

p. 539.

Train Resistance in Cold Weather. Correspondence relative to increased fric-

tional resistance to trains at high speed, as the temperature decreases. Account-
ing for the marked decrease in hauling capacity at high speeds in cold weather.
Eng .[Neivs, Dec. 1, 1888.

• Tests on the C, B. & Q. By. See Resistance of Trains.
Tramways of Great.Britain. A letter from Mr. Rufus Martin describing English

practice in street railways and street paving. St. By. Jour., November, 1889.

, Steam. Two papers with long discussion, giving requisite conditions and de-
scribing those at Sydney, Australia, in Proc Inst. Civ. Engr., Vol. LXXIX., p.
98-215.

Transfer Table. Electric Transfer Table. See Electric Transfer Table.
, Electric. Illustrated description of the Sprague electrict transfer table at

Altoona, Pa., for Pennsylvania Railroad shops. Mast. Mech., March, 1889.

on the Pennsylvania R. B. Illustrated description of two of the most com.
plete and ingenious transfer tables in the country, one driven by wire rope and
the other by electricity. B. R. Gaz., March 22, 1889

.

Transition Curves. A letter from Mr. G. James Morrison, giving a very simple
and quite satisfactory^ method of setting out transition curves. R. R. Gaz.,
Sept. 27, 1889, Vol. XXL, p. 623.

. A Transition Curve. Letter from Prof. W. H. Echols, Missouri School of

Mines. [The formulae given are simple aad useful.] Eng. News, May 4, 1889.

. By E. A. Geisler. See Railway Location.

. Series of articles by Charles D. Jameson, C. E ., discussing the whole sub-

ject of transition or adjustment curves. R. R. and Eng. Jour., May, 1889, Vol.

LXIIL, p. 226, et seq.

Transmission of Power by Belts. See Belt Power.
Transmission of Power. See Compressed Air.

Traveler, A Viaduct Erecting. Illustrated description of traveler designed by the

King Bridge Co. for erecting a viaduct mainly of plate and lattice girders up to

about 80 ft. span. Eng. & Build. Rec, Dec. 22, 1888.

Traveling Crane. Componential Trusses for Traveling Crane. Description of a

novel method of constructing trusses for traveling crane, when the head room
limited the depth to 2Y2 feet. By Mr. Henry B. Seaman, M. Am. Soc. C. E.

Illustrated. R. R. Gaz., August 23, 1889, Vol. XXL, p. 550.

. Ten ton Electric Traveling Cranes at Paris Exposition. Description and
illustrations of this new application of electricity to ordinary traveling

cranes. Sci. Am. Sup., Sept. 21, 1889.

Treatment of Steel by Hydraulic Press ure. Abstract of a paper before Inst, of

C. E., by Wm. Henry Greenwood, M. Inst. C. E. The pressure treatment in-

creased ultimate strength from 65,400 pounds to 66,200 pounds per square inch;

contraction in area at point of rupture from 4.41 per cent, to 7.90 per cent., and
elongation in four inches from 8.76 per cent, to 12.51 per cent. Eng. News, July

6, 1889, Vol. XXII , p. 9.

Trenching and Pipe Laying, Hintsfor. See Sewers.

Trestle Approaches to ArtMir Kill Bridge. See Bridge.

Triple Expansion Engine for the Ferryboat "Bergen." Description with illus-

trations in perspective and section. Mech. World, Dec. 8, 1888.

Trusses, Iron Boof. See Iron Roofs.

Tubes, Spirally Welded. Abstract of remarks by J. C. Bayles before the Frank-

lin Institute, Phila., with cut of machine for making the tubes. The Railroad

and Engineering Journal, March,£1889; Mechanics, February, 1889.

, Spirally-Welded. See Pipe.

Tunnel. Condition of Washington Aqueduct Tunnel. See Aqueduct Tunnel.

. Cost of the Wickes. See- Wickes Tunnel.
— - —. Drainage Tunnelfor City of Mexico. See Drainage Tunnel.

*, The H<xdson River Tunnel. Brief description of methods used in reopening

this work in 18S9, and 'the. subsequent progress made. R. R> Gaz., August 31,

1889, Vol. XXL, p. 569.
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Tunnel Sections on, the Canadian Pacific Railway. Illustrated with sections

showing masonry and timbering, with dimensions. Eng. News, Nov. 24, 1888.

. The Washington Aqueduct Tunnel Its Mismanagement, Poor Super

vision and Failure under United States Army Engineers. Illustrated. Am.
Arch., Oct. 10, 1889.

, The West Point By Wm. H. Searles. Read before Civil Engineers' Club

of Cleveland, Aug. 14, 1S88. Jour. Assn. Eng. Soc, February, 1889; abstract in

P. P, Gazette, April 12, 1889.

Turbine, Steam, Parsons Compound. For running dynamos. Makes 10,000 to

18,000 revolutions per minute. Eng. and Mining Jour., Jan. 19, 1889.

Turnouts, Functions of. A graphical chart for determining functions of any turn-

out when ordinary stub switches are used. P. P. and Eng. Journ., October, 1889,

Vol. LXIII., p. 459.

Twenty-Ton Weighbridge at the Paris Exposition, 1889. Description of an in-

teresting automatic weighing machine. Lond. Engineering, Sept. 6, 1889, Vol.

XLVIll., p. 289.

Underground Electric Cables. Includes an abstract of a paper, read by Prof.

George Forbes, and quotations from eminent .authorities. Sci. Am. Sup.,

August 10, 1SS9.

Underground Railway, The Glasgow (Scotland) Central. Illustrated description

of railway soon to be built under the city of Glasgow. England Build. Pec,

Dec. 15, 1888.

Universal Polling Mills, Advantages of. See Rolling Mills.

Valley of Mexico, Drainage of. See Drainage.
Venstroin Magnetic Separator. The illustrated description of the Venstrom mag-

netic separator in operation at the metallurgical works of Mr. E. N. Riotte, New
York. Eiig, and, Min. Jour., Nov. 24, 1383.

Ventilation of Dye Houses. A method of preventing vapor in dye houses by prop-

erly arranged currents of hot air. The Locomotive, Docember. 1388.

of Habitations, Particularly Schools and Public Buildings. Abstract of a

lecture delivered by Wm. J. Baldwin, M. Am. Soc. C. &., berore Cingmeenng
Dept. of Brooklyn Institute. Eng. and Build. Pec, Au^-rnt, 3]. 1889. Vol. 20, p.

190, et seq.

of Large Buildings. See Heating and Ventilation

of School Buildings. Paper " How Shall We Warm, Ventilate and Closet our
School Buildings?" By N. B. Wood, Civil Engineers Club of ;"Cleveland. Read
June 11. 1889. With discussion. Pp. 8. Jour. Assoc. Engr. Soc, August, 1889,

Vol. VIIL.p. 427.

of Sewers. See Sewers.
. The Science of Ventilation as applied to the interior of buildings. By D.

G. Hoey, with appendix by Dr. William Wallace and discission by members.
Jour. Soc. Arts, May 31, 1889, Vol. XXXVII.. p. 607,

Ventilator, for Colliery in Westphalia. Description, duty, efficiency, experi-

ments, cost, etc. Abstracted in Proc. Inst. Civ. Engrs., Vol. XC, p. 541.

Viaduct, High, History of a. Paper by S. D. Mason, read before the Civil Engi-
neers' Society of St. Paul. Jour. Assn. Eng. Soc , April, 1889; P. P. Gas., April
29, 1889.—;—. The Autofagasza Railway, Bolivia, viaduct over the River Loa. A valu-
able and complete description of the viaduct, showing details of construction
and results of compression tests of two of the main pillars when in a horizontal
position in machine. Fully illustrated. Engineer, April 19, 1889, et seq.——

-, The Cleveland, Central. Illustrated description of the new viaduct recently
completed for the city of Cleveland. Eng. News, Dec. 22, 1888.

Vyrnwy Dam, Liverpool Water-Works. See Dam.
, The. Descrip ion illustrated in section and perspective of the Vyrnwy Dam

now building at Liverpool, Eng Eng. News, Dec. 29, 1888-

Water. Chemical Examination of Drinking Water. A valuable paper by Prof. T,
M. Drown. Proceedings Soc. of Arts, Mass. Inst, of Technology, 1887-1888.

. Determining Nitrates in Potable Waters. A ripid colorimetric method.
By Samuel C. Hooker, Ph. D. Read before Chemical Section of Franklin Instil
tute, March 19, 1889. Journal of the Franklin Institute, June, 1889.
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Water Clearing, by Settlement. See Clearing Water by Settlement.
. Flowage of, in Pipes. Formulae and tables. By W. Airy. Lon. Eng., Jan. 4

and 11, 1889.

, Impurities of. By A. E. Hunt and Geo. H. Clapp, Pittsburgh, Pa. Pp.18.
Proc. Am. Inst. Mining Engs.;&wK&\o meeting. 1888.

Purification by Iron. Description of process employed in purifying the water
supply of Antwerp, Belgium. Eng. and Min. Jour., Jan. 5, 1889.

Water Analysis. Recent Progress in Biological Water Analysis. A valuable
paper by Prof. William T. Sedgwick, Mass. Inst, of Tech., with a discussion by
Prof. Drown and others. Illustrated by diagram. Pp. 16. Jour. N. E. Water
Works Assn., September, 1889, Vol IV., p. 50.

Water Front of San Francisco, Cal., Structures on. Abstract of a paper by Mars-
den Manson, C. E., Engineer of the State Harbor Commissioners, California, il-

lustrated by maps showing water front of San Francisco. Eng. Nexvs, Dec. 29,

1888.

Water Gas. See Fuel.

Water Level. A New Water Level. By P. Kahle. Abstract from Zeitschriftfur
Vermessungsicesen, 1888, p.' 183. Excellent results are shown, and the time re-

quired for work was much less than with spirit level. Proc. Inst. Civil Eng.,.
Vol. XCVL, 1888, p. 355.

Water Mains and Meters. By Chas. B. Brush, M. Am. Soc. P. E. Gives " facts

in relation to friction waste and loss of water in mains;" and also discusses the
theory of friction of water flowing in pipes very briefly. Pp. 16. Trans. Am.
Soc. C. E., September, 1888, Vol. XIX., p. 89.

. Discussion on Brush on water mams and meters, pp. 20. Trans. Am. Soc.

C. E., Sept.. 1888, Vol. XIX.. p. 106

Water Pipe, Thickness of. A paper read before the Engineers' Club of St. Louis
by S. Bent Russell. Am. Eng., March 6, 1889, et seq.; Jour. Assn. Eng. Soc. ,.

Feb., 1889.

Water Power in U. S. Compiled under the direction of Professor Trowbridge.
Containing much valuable matter concerning the development and use of water
power, which is of service to engineers. Tenth Census, Vols. XVI. and XVII.

. See Steam Power versus Water Power.
Water Softening- and Filtering Apparatus for Locomotive purposes at the Pen-

arth Dock Station of Tiff Vale Railway Company. A naper of some interest, by
Wm. W. F. Pullen Stud, Inst. C . E. Gives details of arrangements and cost of

operation. Pp. 14. Proc. Inst. C. E., Vol. XCVII., p. 354, London, 1S89.

Water Storagre. Croton Storage. By Samuel McElroy, C.E. See Croton Storage.
Water Supply and Seiverage Report ofMass. State Board of Health, giving advice

to cities and towns, analysis of water from various rivers and the Lawrence ex-

periments on purification of sewerage. Rep. Mass. State Board of Health. Jan.,

1888.

and Sewage Disposalfor Milwaukee, Wis. See Sewage Disposal.

, City of Syracuse, N. Y. A very complete and valuable report by J. J- R.
Croes, C. E. Report of Commissioners on Sources of Water Supplyfor the

City of Syracuse, N. T., Feb. 1, 1889.

,for Lower New York, The Bartlett Project. Description of project for furnish-

ing 50,000,000 gals, per day of pure water from the Passaic (X. J.) water shed, 10

miles from the city. Eng. News, Dee. 22, 1888.

for New York City. Article by R. D. A. Parrott, discussing the conditions of

Croton water-shed and noting the effect of storage basins on the population of

valley. Sci. Am. Supp., May 11, 1889.

from the Chalk Formation about London, Eng. Wells bored six feet in dia-

meter. Four papers with discussion, covering 102 pp. in Proc Inst. Civ. Engrs.

Vol. XC.
, Project, the Bartlett. To furnish 50,000,000 gallons daily to lower New

York. Brief statement of the project. Eng. News. Dec. 8, 1888.—— of Brockton, Mass., and various other Massachusetts towns, with discussion

of methods of purifying supply, together with numerous recommendations of

State Board of Health. Twentieth An. Rep. State Board of Health, Mass.
p. 6, etc.
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Water Supply of Long Island, Boston Harbor. An interesting description of the

methods used in laying pipes to this island hy means of flexible joints, etc.

Illustrated. Eng. and Build. Rec, Nov. 2, 1889.

of the City of New York. A report on the sanitary condition of the Croton

drainage basin, by Prof Chas. C. Brown. A pamphlet of 160 pages and 70 plates.

Extract from ninth (1889) An. Report of St. Board of Health.

of the City of New York. A report on the sanitary condition of the Croton
drainage basin, by Chas. C. Brown, M. St. Louis Eng. Club. Gives graphical

diagrams showing sanitary condition of the Croton water by monthly examina-
tions from 1871 to 1889, pp. 16. Journ. Assn. Eng. Soc, July, 1889, Vol. VIII.,

p. 398.

of the City of Worms. [Supply from the River Rhine direct, then Altered,

the filter and reservoir for filtered water being arched over. Water is then
pumped into a water town with a capacity of 1,200 cu. meters; pop , 20,000;

quantity allowed, 150 litres (40 gallons) per head per day; estim. cost, $158,000.]

Civilingeineur, 1888, p. 387-415.

of Springfield, III. A well supplemented by a filter gallery lined with timber.

Illustrated. An. Rep. Rl. Soc. Engrs. and Surveyors, 1889.

Storage in Croton Valley. See Croton Valley Storage.

. Report of Stephen E. Babcock, on the advisability of taking the waters of

Skaneateles Lake as a supply for the city of Syracuse, N.Y. Complete discussion

of question. Pamphlet, pp. 72, Little Falls, N. Y., 1889.

. See Dams and Reservoirs.

"Water "Works. Covered Reservoirs . See Reservoirs.

. Care of Hydrants. See Hydrants.
. Dam of the Cambridge Water Works on Stony Brook. See Dam.
. Description of the Water Works at Richmond, Va. A paper by Charles

E. Boiling, superintendent. A description of the water works from 1830 to date.
Discussion, pp. 5, Journ. N. E. Water Works Assn., Sept., 1889, Vol. IV., p. 39.

. Farm Pond Conduit, Boston W. W. By Hy. H. Carter. Read before Boston
Soc. of Civil Engineers, Oct. 17, 1888. Journ. Assn. Eng. Soc, Feb., 1889.

. General Description of Pumping Station at Watertown, N. Y. See Pump-
ing Station.

. Hyde Park W. W. Tunnel and Inlet Crib. Illustrated description of the
work by C. McLennan, C. E., Engineer in charge of the work. Eng. News, Jan.
12, 1889.

, Janesville, Wis. Description giving details of artesian well, analysis of
water, details of storage reservoir, pump house, screen house, valve well and dis-

tribution system. A clear and satisfactory description. Eng. News, July 20
1889, Vol. XXII., p. 51.

, Little Falls, N. Y. Complete description and report on construction of these
water works by Stephen E. Babcock, the chief engineer. First An. Rep. Water
Commissioners, Little Falls, N. Y., 1889.

, Liverpool ( Vyrnwy) Water Works. Description, giving history, principal
dimensions and statement of cost of entire system. Illustrated, Lond. Eng., Feb.
1, 1889, et. seq.

, Maiden, Mass
.

Brief description of these water works, using 2J^-in. wells as
a source of supply. Illustrated. Eng. & Build. Rec, Oct 26, 1889.

if Leyden, Holland. Illustrated description of engine house and water
tower. Eng. News, Dec. 8, 1888.

of the Middle States. Tables showing present status of. From advance
sheets of Eng. News W. W. Manual. Eng. News, Dec. 15, 1888.

of the Middle States, with table showing relative reservoir capacity and con-
sumption of 66 works. List of W. W. Tunnels. Eng. News, Dec. 22, 1888.

of Pawtucket, R. I. Description of dam and artificial filter gallery, with de-
tailed account of cost. Eng. News, June 1, 1889.

of the Southern States. Eng. News, Feb. 9, 1889.

of U. S and, Canada. Diagram showing growth of, from 1830 to 1888. See
Railways.

. See Pumping Engines.
See Stand Pipes.
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Water Works. Reports of Trial of a Worthint/ton High Duty Pumping Engine
at the West Middlesex Water Works, Hampton, England. Kikj. & Build. Rcc ,

Dec. 22, 1888; Dec. 29, 1888. Power, January, 1889. Lond. Eng., Jan. 4, 1889.

. Statistics of L . S. Compiled under the direction of Professor Trowbridge;
260 pp. of valuable matter, giving details of all the more important works in the
country in 1880. with illustrations. Tenth Census Report, Vol. XVII.

. Tablesfor Power of Compound Pumping Engines. See Pumping Engines.
. Test by the use of Pressure Gauges. Paper by Robt. J. Johnson. Read before

the St. Paul Society of Civil Engineers, Feb. 4, 1889. Jour. Assn. Eng. Soc.,

June, 1889, Vol. VIII., p. 3cl.

. The Montevideo Water Works. Paper descriptive of this system of Water
Works in the Republic of Uraguay. By William Galway, M. Inst. C. E. Proc.
Inst. C. E., Vol. XCVL, p. 297.

. The New High Service Woi^ks of the Boston Water Supply. Description of

Fisher Hill Reservoir, with detailed record of tests of Gaskill Pumping Engines
and two boilers, at Chestnut Hill pumping station; also statement of cost of re-

servoir. Illustrated. Eng. and Bldg. Record, June 1, 1889.

. The Vyrnwy Dam, Liverpool Water Works. See Dam.
—-—. The San Matu Dam. San Francisco Water Works. See Dam.

. Water Works and Population of United States and Canada, Diagrams
showing growth of, from 1830 to 1888. Eng. Ncivs, April 27, 1889.

Weighing Machines, Automatic. For weighing grain. Trans. Liverpool Eng.
Soc., Vol. VIII., p. 96 (1887).

. See Electric Weighing Machine.
Weights and Measures, The Necessity of a Definite and Determinate System of

By. Cbas. C. Breed. Read before Western Society of Engineers, Nov, 14, 1S88.

Jour. Assn. Eng. Soc, March, 1889.

Weir, Effect on the Discharge of the Height of Crest above Bottom of Canal.

Based on a new series of experiments by Bazin. Annates des Fonts et Chaus-
sees, October, 1888.

Weirs. Neiv Experiments on the Flow Over Weirs. By H. Bazin. Abstract from
Annates des Ponts et Chaussees. Vol. XVI., 1888, p. 393. Proc. Inst. Civil Eng.,

Vol. XCVL, 1888, p, 372.

Welding by Electricity. See Electric Welding.
Well Artesian Well at St. Augustine, Fla. See Artesian Well.

Wells—Bored. A description of methods used in boring two wells, 6 feet diameter

and 70 feet deep, in chalk formation, at Southampton Water Works. These the

largest wells ever bored at one operation. Proc. Inst. Civ. Engrs.,Vo\. XC,
p, 33.

Welsbach Incandescent Gas Light. Description of. Gives results of tests, gas

consumption and candle power. Mech. World, Dec. 8, 1888.

Western Coal Burning, in Locomotives. A paper read before the Western Rail.

way Club by Mr. C. M. Higginson, of the C. B. & Q. R. R., with discussion-

Railroad Gazette, Nov. 23; Master Mech., December; Am. Engr., Nov. 28, 1888.

Western "Union Time System, By F. R. Bartlett, C. E., andR. P. Miller, C. E.

A valuable description of the Western Union Time Service. School ofMines
Quarterly, Columbia College, April, 1889, Vol. X., p. 218.

Westmghouse Friction Buffer. Illustrated description of a new form of buffer

for railroad cars. R. R. Gaz. Dec. 21, 1888; Master Mech., Jan., 1889.

, System, of Pneumatic Interlocking. Fully illustrated and described. R. R
Gaz., Dec. 21, 1888.

West Point Tunnel. See Tunnel.
Wheels and Rails. Cylindrical Wheels and Flat-Topped Rails. Abstract of

paper read by Mr. Don J. Whittemore, Civ. Engr. C, M. & St. P. Ry., before

Am. Soc. Civ. Engrs. In the nature of a discussion of the recent report of the

"Committee on the Proper Relation to Each Other of the Sections of Railway
Wheels and Rails." Eng. News, Feb. 9, 1889, et seq.

Wheel Base. Flexible Wheel Base for Railway Rolling Stock. Paper by J. D.
Tv^mberrow Stud. Inst. C. E. See Railway Rolling Stock.

Wheels for 60,000 lb. cars. See Cast-iron Wheels for 60,0001b. Cars.
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Wickes Tunnel, on the Montana Central Railway, Cost of. A brief paragragh.

Eng. News, Nov. 24, 1888.

Winding- Engines. A paper by Herbert W. Hugbes, F. G. S. Reprinted from
Trans. S. Staffordshire and B. Worcestershire Inst, of Min. Eng's, Vol. XII., pt.

I. School of Mines Quarterly, Columbia College, April, 1889, Vol. X., p. 258.

. The Equalization of Load on Winding Engines by the employment of spiral

drums. By E. M. Rogers, Central City, Col . A theoretical discussion. P. 8.

Proc. A. I M. E. Buffalo meeting, 1888.

Winter Navigation and Ice Breaking, steamers designed for. Paper by Robert
Runeberg, Assoc. M. Inst. C. E. Gives theoretic discussion of H. P. required to

break ice of various thicknesses, and gives a few details of construction. Pp. 24.

Proc. Inst. C. E., Vol. XCV1L, p. 277, London, 1889.

Wires, Underground for Electric Lighting. Full discussion of the subject at the

National Electric Light Convention in Chicago. The Electrical World, March
2,1889.

Wire-Drawing, Effect of, on Mild Steel. See Steel.

Wire Rope. A paper by Wm. B. Palmer, giving actual practice in use of wire rope

in hoisting and guys for derricks; deducing the stress on the ropes in several

cases and comparing the strength of rope with stress, etc., etc. Pp. 10. Conn.

Asso. C E. and Surveyor's, 1889.

Wire Ropes and Wire, Strength of Welds in. A description of some tests recently

made by Herr A. Martens, under the direction of the German Minister of Pub-
lic Works. R. R. Gaz., Dec. 7. 1888.

Wire Rope Railway, The Otto, at Gottesegen Colliery, Antonienhutte, West-
phalia. Illustrated description. Lond. Engr., Feb. 8, 1889.

Wooden Columns vs. Cast-Iron Posts. Brief article describing behavior of pitch-

pine columns during a severe fire in a large warehouse in London. Columns
burned on outside, but supported their load. Mechanics, August, 1889, Vol. XL,
p. 193.

Woods, Michigan, The Strength of. A paper read before the Michigan Engineering
Society by Prof. R. C. Carpenter, January, 1889. Am. Engr., March 6, 1889,

Worsdell Compound Locomotive. See Locomotive.
Worthington High-Duty Pumping Engine at West Middlesax Water Works,

Hampton, England. See Water Works.
Wrought Iron, Causes of Defects in. By A. D. Elbers, in Eng. and Min. Journ.

Ry.Rev., July 20. 1889.

Washington Aqueduct. See Aqueduct Tunnel.
Waste Weir. A Method of Determining the Capacity of the Waste Weir of a.

Storage Reservoir on a Torrential Stream. A paper by Wm. J. McAlpine, H on
M.Am. Soc. C. E.. showing that, when properly constructed, earth or "dirt

dams." are perfectly safe structures. Eng. News, June 29, 1889.

Yard. On the Relation of the Yard to the Metre. A report to the U. S. Coast and
Geodetic Survey. By O. H. Tittmann, assistant in charge of weights and meas-
ures. U. S. C and G. Survey Bulletin No. 9, June 15, 1889.

Yokes. See Cable Conduit Yokes.
Zine and Lead. Production of in 1888. See Lead.

NOTE—For all Government publications and information concerning

them, send to J. H. Hickcox, 906 M street, W., Washington, D. C
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Articles marked with a star are illustrated.

Address cf the President of the Boston Society of Civil Engineers 251

Angle-Irons, Some Tests of Full Size 268

Boston Water Works 73, 453

Barbour, William S 506

Sable Conduit Yokes 327

Change of Gauge, Ohio & Mississippi Railway 155

Chicago, Santa Fe & California Railway Crossing 1

CiTil Engineering in England 553

Civil Engineering and Surveying Progress 30

Classification of Material in Railroad Construction 16

Clearing Water by Settlement 477

Compound Steam Turbine 583

Condensers for Steam Engines 40

Croton Valley Storage 494

Duty Trials of Pumping Engines 365

Electric Service, Steam Plants for 419

Electric Motors on Street Cars 563

Electrical Transmission, Recent Improvements in 206

Engineering. Annual Address of W. R- Warner 349

Erection of Iron Bridges 339

Farm Pond Conduit 73

Foundations of the Limfjord Bridge 466

High-Service System, Boston Water Works 453

History of a High Viaduct 173

Inspection of Iron Bridges 7

Landscape Engineering 69

Lattice Girder Overhead Crossing 1

Legislative Control of Railways 304

Levels of the Lakes 123

Marking Patterns, System of 440

Mills and Mill Engineering 513

Moore, Henry C 492

Necessity of a Determinate System of Weights and Measures 159

New York Water Supply, Sanitary Condition of 398

Ohio & Mississippi Railway, Change of Gauge 155

Parker, George Alanson 334

PhUbrick, Edward Southwick 435

Quaker Bridge Dam 190

Rapid Transit in Boston 280

San Bias Canal vs. Panama Canal 345

Sanitary Condition of New York Water Supply 39

Skill and Art in the Heathen Era 89

Smoke Prevention 194

Steam Plants for Electric Service 410
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System of Marking Pattens 440

Thickness of Water Pipe 100

Ventilation of School Buildings 427

Walling, Henry Francis 28

Water Supply of New York 398

Water Supply Test 351

Water Pipe, Thickness of 100

Weights and Measures 159

West Point Tunnel 57

Winding of Dynamo Fields 271

Wrought-Iron and Steel Eye Bars 184
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